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Abstract 

Maintaining  safe  flight  operations,  military  and  civilian,  in  cold  weather  requires 
the  use  of  de-icing  fluids.  Glycols,  the  primary  component  of  de-icers,  have  been 
extensively  studied.  Water  and  additives  such  as  corrosion  inhibitors  and  other 
performance  enhancing  chemicals  make  up  the  remaining  portion  of  de-icing  fluids. 
Little  research  has  been  conducted  on  the  additives,  but  several  are  suspected  toxins  to 
microorganisms,  therefore  the  EPA  regulates  the  disposal  of  spent  de-icing  fluids. 

Tolyltriazole,  a  corrosion  inhibitor  found  in  de-icing  fluids,  is  a  suspected  human 
carcinogen.  It  is  also  known  to  be  moderately  toxic  to  microorganisms  based  on 
Microtox  results.  The  purpose  of  this  research  was  to  determine  whether  tolyltriazole  is 
toxic  to  isolated  and/or  consortia  of  common  soil  microorganisms  found  in  soil  samples 
and  cultivated  using  propylene  glycol  and  yeast  extract. 

The  microorganisms  were  exposed  to  increasing  concentrations  of  tolyltriazole 
and  the  DO  uptake  rate  was  calculated.  A  decreased  DO  uptake  rate  serves  as  an 
indication  of  toxicity.  Culture  2  (Mars)  had  no  adverse  effects  at  any  concentration, 
while  culture  1  (Saturn)  and  culture  3  {Bacillus),  showed  inhibition  at  1000  ppm.  At 
lower  concentrations  (<500  ppm)  no  inhibition  was  demonstrated  in  Saturn  and  Bacillus. 
At  500  ppm  Saturn  was  inhibited,  while  Bacillus  appears  to  have  been  stimulated. 
Microbial  plate  counts  were  prepared  for  diluted  samples  to  determine  impact  to  a 
microorganism’s  ability  to  replicate.  The  data  indicates  that  replication  was  inhibited. 

This  work  parallels  that  of  Lt  Chris  Leonard  and  should  be  used  in  conjunction 
with  his  results  to  determine  if  any  particular  type  of  microorganism  demonstrates  a 
greater  resilience  or  weakness  towards  tolyltriazole. 
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TOXICITY  OF  TOLYLTRIAZOLE  TO  GRAM-POSITIVE 


COCCUS  MICROORGANISMS 


I.  Introduction 


1.1  Overview 

Revised  Federal  Aviation  Administration  (FAA)  requirements  for  de-icing  have 
created  a  conflict  between  ensuring  safe  aircraft  operations  and  protecting  the 
environment.  Passenger  safety  requires  the  use  of  Aircraft  De-icing  /  Anti-icing  Fluids 
(ADAFs)  in  the  winter  to  remove  and  prevent  the  accumulation  of  snow,  ice,  and  frost  on 
aircraft.  However,  as  the  FAA  increases  de-icing  operations,  the  Environmental 
Protection  Agency  (EPA)  increases  the  requirements  for  storm-water  runoff  management 
(Mericas  and  Wagoner  38). 

Two  general  types  of  ADAFs  exist.  The  first  is  the  Society  of  Automotive 
Engineers  (SAE)  Type  I,  consisting  of  glycol  [propylene  glycol  (PG),  ethylene  glycol 
(EG),  or  diethylene  glycol],  water,  coloring  agents,  and  corrosion  inhibitors  [nitrates, 
silicates,  etc.].  Type  I ADAF  is  generally  used  to  remove  snow  and  /  or  ice  adhering  to 
the  aircraft’s  surface  (Bausmith  and  Neufield  459).  The  second  general  category  is  the 
SAE  Type  II  ADAF,  which  is  a  Type  I  ADAF  with  the  addition  of  synthetic  polymers 
allowing  it  to  adhere  to  the  aircraft  surface  for  longer  periods  of  time.  Type  II  is  used  to 
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prevent  the  formation  of  ice,  snow,  or  frost  on  the  aircraft  prior  to  and  during  takeoff 
(Mericas  and  Wagoner  38). 

Glycol  based  chemicals  comprise  approximately  50-80%,  by  weight,  of  the 
components  found  in  ADAFs  (Sills  and  Blakeslee  324,  Hartwell  et  al.  1375).  Additives, 
which  make  up  10-20%,  include  wetting  agents,  corrosion  inhibitors,  surfactants, 
thickeners,  and  other  performance  criteria  agents  (Hartwell  et  al.  1375).  Water  makes  up 
the  remaining  portion  of  the  ADAF  (Cancilla  et  al.  1997:430).  Studies  have  shown  that 
formulated  ethylene  and  propylene  glycol  de-icing  and  anti-icing  mixtures  are 
substantially  more  acutely  and  chronically  toxic  than  pure  propylene  and  ethylene  glycol 
(Fisher  and  Knott  1108;  Hartwell  et  al.  1383;  Pillard  313).  Pillard  found  that  fathead 
minnows  were  more  sensitive  (relative  to  C.  dubia)  to  the  formulated  deicers  but  less 
sensitive  to  the  pure  materials,  which  suggests  that  the  mode  of  toxicity,  and  thus  the 
toxicant,  differed  between  formulated,  and  pure  components  (Pillard  314).  Due  to  the 
lack  of  available  information  regarding  the  exact  chemical  formulation  and  concentration, 
relating  specific  environmental  impacts  to  a  particular  chemical  is  difficult  (Cancilla  et 
al.  1997:430).  The  added  toxicity  may  be  attributable  to  all  or  some  of  the  additives 
present  in  the  ADAF  mixture. 

1.2  Purpose  of  Research 

Previous  theses  efforts,  Halterman-O’Malley  (1997),  Johnson  (1997),  Kellner 
(1999),  and  Burke  (1999),  studied  various  environmental  impacts  associated  with  ADAFs 
ranging  from  the  biodegradation  to  the  sorption  of  ADAFs  to  soil  focusing  on  the 
biodegradation  of  ADAFs  and  the  individual  components  in  various  soil  types.  Johnson 


2 


found  that  a  high  clay  soil  has  higher  oxygen  consumption  when  exposed  to  mixtures  of 
tolyltriazole  and  PG,  indicating  a  greater  degradation  potential.  Kellner  and  Burke 
focused  on  tolyltriazole  and  other  additives  used  in  ADAFs.  Kellner  discovered  that, 
based  on  Kd  values  obtained  through  various  experiments,  tolyltriazole  does  not  strongly 
sorb  to  soil  (Kellner  5-3).  Burke  concluded  that  the  rate  of  02  consumption  in  soil 
decreased  with  increasing  concentrations  of  tolyltriazole  (for  constant  PG  concentration). 

A  high  oxygen  demand  is  associated  with  the  biodegradation  of  glycol  • 
components  (Pillard  314).  PG  is  essentially  non-toxic  to  humans  and  animals  with  a 
higher  oxygen  demand  than  EG.  EG  is  more  toxic  to  animals  and  humans  (Sills  and 
Blakeslee  326).  Little  information  is  available  regarding  the  several  additives  found  in 
ADAFs. 

The  chemical  formulations  for  ADAFs  are  commonly  proprietary  (Cancilla  et  al. 
1997:430).  Cancilla  identified  many  of  the  additives  used  in  selected  ADAFs,  using  a 
toxicity  based  bioassay  analysis  (1997:433).  While  the  presence  of  additives  can  be 
identified  using  Cancilla’ s  technique,  it  is  difficult  to  know  which  chemicals  each 
manufacturer  uses  and  at  what  percentage  of  the  total  mixture  that  chemical  is  present. 
Cancilla  confirmed  the  presence  of  benzotriazole  and  tolyltriazole  in  ADAFs  (1997:433). 
Cornell  has  found  that  ADAFs  used  in  North  America  typically  contain  between  1000- 
5000  ppm  tolyltriazole  for  corrosion  inhibition  (1998:2).  Tolyltriazole  was  shown  to 
account  for  the  majority  of  the  Microtox  activity  in  ADAFs  (Cancilla  et  al.  1998:3834). 
Very  little  is  known  about  the  fate  and  effect  of  tolyltriazole,  which  has  been  shown  to 
have  high  to  moderate  toxicity  based  on  toxicological  studies  (Microtox)  (Cancilla  et  al. 
1998:3834). 
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Tolyltriazole  has  been  detected  in  ground  water  near  major  airports  increasing  the 
need  to  learn  more  about  the  fate  and  effect  of  this  chemical  (Cancilla  et  al.  1998:3834). 
The  moderate  toxicity  may  negatively  impact  microbial  populations  found  in  the  soil. 
Inhibition  of  the  natural  attenuation  may  result  in  accumulation  of  otherwise  degradable 
products.  The  purpose  of  this  research  is  to  study  the  impact  of  tolyltriazole  on  soil 
microorganisms. 

1.3  Research  Objectives 

1 .  Determine  an  effective  methodology,  based  on  dissolved  oxygen  (DO) 
concentrations,  to  measure  the  toxicity  of  tolyltriazole  on  microorganisms. 

2.  Evaluate  the  microbial  toxicity  of  tolyltriazole  on  isolated  soil  microbial 
populations  using  DO  consumption  rates. 

3.  Compare  results  of  microorganisms  with  different  characteristics  (shape  and 
size)  to  each  other  to  determine  which  microorganism  characteristics  appear  to 
be  most  adaptable  to  tolyltriazole. 

1.4  Scope 

The  research  for  this  thesis  effort  was  centered  on  the  acute  microbial  toxicity  of 
tolyltriazole  to  specific  soil  microorganisms  upon  initial  exposure.  Microorganisms  were 
grown  on  a  propylene  glycol-rich  environment,  isolated,  and  cultivated  on  nutrient  agar. 
The  surviving  microorganisms  were  identified,  based  on  their  Gram  staining 
characteristic,  positive  or  negative,  and  their  shape,  coccus  (spherical)  or  bacillus  (rod). 
DO  readings  were  taken  to  determine  the  rate  of  DO  uptake  within  a  microcosm 
containing  the  isolated  microorganisms  and  various  concentrations  of  tolyltriazole.  DO 
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readings  were  taken  every  nine  minutes  upon  completion  of  the  microcosm  set-up.  The 
rate  of  oxygen  uptake  was  calculated  using  the  recorded  DO  values.  The  oxygen  uptake 
was,  in  turn,  used  as  a  measure  of  biological  activity  and  therefore,  indirectly  as  an 
indication  of  toxicity.  Decreased  microbial  activity  (lower  DO  uptake  rate)  served  as  an 
indication  of  toxicity.  The  DO  readings  from  microcosms  containing  no  tolyltriazole 
(control)  and  microcosms  containing  increasing  amounts  of  tolyltriazole  provided  an 
indication  of  the  toxicity  of  tolyltriazole. 

Lt  Chris  Leonard  (2000)  conducted  a  complementary  experiment  on  rod  shaped 
microorganisms.  The  results  from  each  effort  can  be  compared  to  determine  if  one  type 
of  microorganism  appears  to  be  more  capable  of  surviving  in  the  presence  of 
tolyltriazole. 

1.5  Definitions 

Biodegradation  -  The  transformation  to  smaller  molecules  via  oxidation  and  reduction 

mechanisms  induced  by  the  metabolic  activity  of  native  microorganisms  that  most 
organic  substances  undergo  (LaGrega  et  al.  194). 

Biological  or  Biochemical  Oxygen  Demand  (BOD)  -  The  measurement  of  dissolved 

oxygen  used  in  the  biochemical  oxidation  of  organic  matter  (Tchobanoglous  and 
Burton  71) 

Microcosm  -  The  standard  test  unit  consisting  of  dilution  water,  inoculum,  and  toxicant 
solution  (as  required),  contained  within  a  300  ml  Wheaton  BOD  bottle 
(Marbas  3-1). 

Octanol-Water  Partitioning  Coefficient  (KoW)  -  The  concentration  ratio  of  a  compound,  at 
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equilibrium,  in  octanol  and  water  (Alexander  136). 

Propylene  Glycol  -  Non  toxic  chemical  used  in  ADAFs  as  a  freezing  point  depressant. 

OH  OH 

h3c— ch— ch3 

Figure  1.  Molecular  Structure  of  Propylene  Glycol 

Theoretical  Oxygen  Demand  -  A  measure  of  oxygen  required  for  the  complete 

mineralization  of  an  organic  substance  (Tchobanoglous  and  Burton  82). 
Tolyltriazole  -  An  additive  used  in  ADAFs  as  a  corrosion  inhibitor.  Low  solubility  in 
water  (>0.1  g/100  mL  @18  °C).  Commercial  tolyltriazole  consists  of  two 
isomers,  40%  5-tolyltriazole  and  60%  6-tolyltriazole  (Chemfinder:  Tolyltriazole; 
Cornell  8). 


5-Tolyltriazole  6-Tolyltriazole 

Figure  2.  Molecular  Structure  of  5-  and  6-Tolyltriazole 
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II.  Literature  Review 


2.1  Background 

Federal  Aviation  Regulations  (FAR)  prohibit  aircraft  takeoff  when  snow,  ice,  or 
frost  has  accumulated  on  wings,  propellers,  control  surfaces,  engine  outlets,  and  other 
critical  surfaces.  The  buildup  of  snow,  ice,  and  frost  on  aircraft  surfaces  may 
significantly  degrade  the  lifting  properties  and  control  of  aircraft,  possibly  creating 
situations  in  which  the  passengers  are  put  in  danger  (Cornell  et  al.  1).  ADAFs  are  often 
used  to  prevent  the  build  up  of  snow,  ice,  and  frost,  thus  preventing  dangerous  situations. 

ADAFs  successfully  remove  and  /  or  prevent  the  formation  of  snow,  ice  or  frost 
because  they  depress  the  freezing  point.  Solutions  of  ethylene  and  propylene  glycol  can 
lower  the  freezing  point  of  water  to  -13  and  -59  °C  respectively  (O’Connor  and  Douglas 
22).  Freezing  point  depressants  inhibit  the  development  of  a  bond  between  the  snow  /  ice 
and  the  surface  to  which  the  freezing  point  depressants  are  applied  (Human  Systems 
Center  80). 

Two  general  classes  of  ADAFs  exist,  Society  of  Automotive  Engineers  (SAE) 
Type  I  and  SAE  Type  II.  Type  I,  a  relatively  thin  liquid,  is  generally  used  as  a  de-icer. 
De-icing  entails  the  removal  of  ice  and  snow  from  the  aircraft’s  wings  and  fuselage  in 
order  to  keep  the  aircraft  clean  until  it  is  safely  in  the  air.  Type  II,  a  more  viscous  fluid, 
is  often  used  as  an  anti-icer  because  it  clings  to  the  aircraft  surface  for  a  longer  period  of 
time  (Mericas  and  Wagoner  39).  Anti-icing  is  often  performed  after  de-icing  to  prevent 
further  snow  or  ice  accumulation  during  taxiing  and  takeoff. 
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2.1.1  Regulatory  Background 

Several  changes  regarding  the  use  of  ADAFs  have  occurred  over  the  last  couple 
of  decades.  Most  significantly  is  the  increased  use  of  ADAFs  in  accordance  with  Code  of 
Federal  Regulations  (CFR)  Title  14,  Part  121.  In  1990  annual  de-icing  usage  was 
estimated  at  1 1.5  million  gallons.  Reports  from  airport  operators  indicate  that  usage  has 
tripled  since  1992  (Gallagher  1998:1). 

ADAF  discharge  is  monitored  by  a  National  Pollutant  Discharge  Elimination 
System  (NPDES)  permits,  as  mandated  under  The  Clean  Water  Act  originating  from  the 
Federal  Water  Pollution  Control  Act  of  1972  (Bausmith  and  Neufield  459,  Gallagher 
1995:109).  The  FAA  and  EPA  requirements  concerning  ADAFs  are  often  in  conflict;  as 
the  FAA  requirements  for  de-icing  and  anti-icing  increase,  the  EPA  continues  to  increase 
the  regulatory  requirements  associated  with  storm-water  discharge  (Mericas  and 
Wagoner  39). 

The  EPA  sets  national  effluent  standards  on  an  industry-by-industry  basis,  which 
is  monitored  with  the  NPDES  permit  program  (Gallagher  1995:109).  Prior  to  1987 
storm- water  systems  were  not  considered  point  sources,  but  in  1987  Congress  established 
a  schedule  under  which  EPA  was  required  to  issue  permits  to  regulate  storm  water 
discharges  associated  with  industrial  activities.  The  industrial  activity’s  classification 
includes  airports  and  all  associated  activities,  thus  requiring  airports  to  maintain  NPDES 
permits  for  storm-water  discharge  beginning  in  1987  (Gallagher  1995:131). 
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2.1.2  Environmental  Concerns 


The  primary  environmental  concern  of  ADAFs  has  been  the  high  BOD  associated 
with  the  degradation  of  glycol-based  components.  Originally  glycols  were  assumed  to  be 
the  primary  source  of  ADAF  toxicity  (Pillard  311).  While  a  high  BOD  is  a  significant 
environmental  problem,  ADAFs  were  otherwise  assumed  to  be  relatively  benign  because 
of  the  low  toxicity  exhibited  by  pure  glycols.  The  acute  and  chronic  aquatic  toxicity  of 
ethylene  and  propylene  glycol  is  low.  The  acute  and  chronic  oral  toxicity  to  humans  and 
terrestrial  life  is  also  low.  None  of  the  glycols  in  de-icer  chemicals  appear  to  be 
carcinogenic  or  mutagenic  (Sills  and  Blakeslee  326). 

Research  conducted  on  pure  glycol  compounds  and  ADAF  formulations  indicate 
that  the  ADAF  formulations  have  a  greater  toxicity  than  the  pure  glycol  compounds.  The 
greater  toxicity  is  presumably  due  to  the  additives  (Hartwell  et  al.  1383;  Pillard  313). 
Table  1,  adapted  from  Pillard,  lists  the  results  of  acute  toxicity  tests  using  formulated 
ADAFs  and  pure  ethylene  and  propylene  glycol  on  different  aquatic  organisms.  A  lower 
LC50  indicates  that  the  species  is  more  sensitive  to  the  toxicant.  The  results  in  Table  1 
indicate  that  both  species  of  invertebrates  and  fish  are  more  sensitive  to  formulated 
ADAFs. 
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Table  1 .  Acute  Toxicity  Tests 
Formulated  ADAFs  and  Pure  PG  and  EG 


Species 

Material* 

Composition 

48-h  LC5o 

96-h  LCS0 

NOAECb 

C.  dubia 

EG 

Formulated 

13140* 

11610 

C.  dubia 

PG 

Formulated 

660 

P.  promelas 

EG 

Formulated 

6090 

P.  promelas 

PG 

Formulated 

790 

600 

C.  dubia 

EG 

Pure 

34440 

24000 

C.  dubia 

PG 

Pure 

18340 

13020 

P.  promelas 

EG 

Pure 

81950 

72860 

39140 

P.  promelas 

PG 

Pure 

>62000 

55770 

52930 

NOTES: 

a  EG  =  Ethylene  Glycol;  PG  =  Propylene  Glycol 
b  No  Observable  Adverse  Effect  Concentration 
c  Concentrations  are  in  mg/L 

Common  additives  in  formulated  ADAFs  include  diethylene  glycol,  high- 
molecular-weight  polymers,  polyamines,  triazoles,  and  urea.  Other  additives  commonly 
used  as  corrosion  inhibitors  include  sodium  nitrite,  sodium  benzoate,  borax,  and 
benzotri azole  (tolyltriazole)  (Hartwell  et  al.  1384).  Based  on  the  toxicity  results  either 
one  or  more  of  the  additives  themselves  are  highly  toxic  or  the  additives  have  a  toxic 
synergistic  relationship  with  each  other  or  the  glycols  (Hartwell  et  al.  1384). 


2.2  Biodegradation 

Biodegradation  is  an  effective  process  in  which  microorganisms  transform 
environmental  contaminants.  Contaminants  may  be  transformed  into  more  complex  and 
possibly  more  toxic  products  or  into  simpler  structures  that  may  or  may  not  be 
environmentally  friendly.  The  most  favorable  outcome  is  the  transformation  of 
environmental  contaminants  into  environmentally  friendly  compounds,  such  as  water, 
carbon  dioxide,  and  ammonia.  Biodegradation  will  occur  in  nearly  any  medium  as  long 
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as  water  and  microorganisms  are  available.  The  contaminant  is  often  used  as  the  energy 
or  carbon  source.  Several  factors  act  together  in  determining  the  rate  and  extent  of 
degradation.  The  presence  of  toxins,  possibly  including  the  contaminant  itself,  will  often 
impede  the  microbial  activities  of  microorganisms. 

Degradation  rates  are  a  function  of  microbial  activity.  Typically  a  higher 
microbial  activity  implies  a  higher  degradation  rate,  as  long  as  sufficient  nutrients  are 
available.  As  microorganisms  become  acclimated  to  their  environment  their  populations 
may  double  and  degrade  the  contaminant  at  a  greater  rate,  provided  nutrients  are  not 
limiting.  Recording  dissolved  oxygen  concentrations  and  calculating  an  oxygen 
consumption  rate  within  a  sample  is  used  as  a  measure  of  microbial  activity.  Decreasing 
DO  concentrations  implies  that  the  microorganisms  are  consuming  oxygen  and  in  turn 
degrading  the  contaminant.  Oxygen  consumption  is  measured  as  the  slope  of  the  curve 
produced  from  the  DO  readings  over  time  where  a  steeper  slope  indicates  a  higher 
degradation  rate.  Simple  straight-chained  compounds  (glycols)  degrade  more  readily 
(have  a  steeper  slope)  than  complex  ring  structured  compounds  (triazoles)  (Alexander 
150). 

Efficiency  of  natural  attenuation  by  microorganisms  is  subject  to  a  variety  of 
physical,  chemical,  and  biological  factors.  Microbial  populations  function  in  a  variety  of 
environments  (Alexander  196).  The  type  of  indigenous  microbial  population, 
temperature;  pH;  medium  in  which  the  degradation  is  occurring;  availability  of  water, 
carbon  source,  nutrients,  oxygen,  and  availability  of  electron  acceptors  all  vary  within 
each  different  environment.  Aerobic  degradation  requires  oxygen  as  the  electron 
acceptor  for  use  in  the  consumption  of  carbon  sources.  The  primary  benefit  of 
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biodegradation  is  that  it  is  a  natural  process,  which  converts  contaminants  into 
environmentally  safe  compounds. 

Simple  contaminants  tend  to  degrade  at  faster  rates  than  more  complex  structures. 
Glycols,  straight-chained  carbons  with  2  hydroxyl  groups,  are  easily  degraded.  Glycols 
tend  to  degrade  into  intermediates  such  as  aldehydes  and  organic  acids.  These  products 
are  quickly  degraded  to  the  end  products  of  carbon  dioxide  and  water.  More  complex 
structures,  such  as  cyclic  or  benzene  rings,  degrade  at  much  slower  rates  than  simple 
structures.  Tolyltriazole  contains  a  benzene  ring  with  an  attached  methyl  group  and  a 
nitrogen  ring  (see  Figure  2)  and  does  not  degrade  as  easily  or  as  quickly  as  the  glycols 
due  to  its  more  complex  structure. 

2.2.1  Degradation  of  Propylene  Glycol 

Propylene  glycol  is  a  low  molecular  weight  compound  with  a  simple  structure 
(see  Figure  1).  Microorganisms  in  water  and  soil  readily  degrade  glycol  under  aerobic 
conditions.  Raja  used  isolated  strains  of  Pseudomonas  and  Aerobacter  to  determine  the 
pathways  of  degradation.  The  PG  was  degraded  to  carboxylic  and  hydroxycarbonic  acids 
by  the  Pseudomonas.  Further  decarboxylation  to  CO2  was  accomplished  by  the 
Aerobacter  strains  (Raja  et  al.  833-834).  Final  degradation  for  both  species  was  observed 
to  be  C02  and  H20  (Raja  et  al.  830).  The  proposed  degradation  pathway,  as  suggested 
by  Raja  (838),  is  shown  in  Figure  3. 
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2.2.2  Degradation  of  Tolyltriazole 

Typical  ADAF  formulations  use  a  tolyltriazole  mixture  comprised  of  40%  5- 
tolyltriazole  and  60%  6-  tolyltriazole  by  weight.  According  to  literature  some  isomers 
appear  to  be  more  biodegradable  than  others  (Cornell  1998:8).  Cornell  indicates  that  6- 
tolyltriazole  is  biodegradable  while  5 -tolyltriazole  is  recalcitrant  (not  as  easily  degraded) 
(1998:8).  A  study  performed  by  Cornell  indicates  that  significant  amounts  of 
tolyltriazole  will  build  up  in  the  environment  if  only  aerobic  conditions  exist.  There  is 
reason  to  believe  that  tolyltriazole  may  degrade  under  anaerobic  conditions  although  no 
information  is  currently  available.  Cornell  predicted  the  following  anaerobic  degradation 
pathway,  Figure  4,  for  tolyltriazole  (1998:12). 
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2.3  Toxicity 

Toxicity  is  the  measure  of  adverse  effects  manifested  after  uptake  of  a  toxicant 
over  a  short  period  of  time  (acute)  or  a  long  period  of  time  (chronic)  (Hodgson  et  al.  10, 
86).  Toxicity  values  for  various  chemicals  are  commonly  found  by  observing  effects  that 
materialize  as  the  test  subject  is  administered  predetermined  concentrations  of  the 
toxicant.  Several  variables  factor  in  when  performing  toxicity  tests  on  animals  with  even 
more  issues  factored  in  when  addressing  human  toxicity .  Human  toxicity  values  are 
extrapolated  from  animal  data.  Little  information  is  available  for  determining  toxicity  to 
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microorganisms.  One  common  toxicity  test  for  microorganisms,  Microtox,  has  shown  to 
be  reliable  and  reproducible.  Standard  Methods  has  adopted  a  test,  which  is  essentially 
identical  to  the  Microtox  test,  Method  8050  B. 

2.3.1  Microtox  Toxicity  Test 

The  Microtox  test  was  developed  in  1979  and  is  a  rapid,  low-cost,  standardized, 
aquatic  toxicity  test  (AZUR  Environmental  1).  The  test  utilizes  a  special  freeze-drying 
technique  providing  shelf  stable  toxicity  test  organisms  that  can  be  reconstituted  instantly 
and  used  when  needed.  The  freeze-drying  technology  allows  the  production  and 
distribution  of  standardized  test  organisms  that  are  viable  for  up  to  18  months.  The  test 
has  achieved  official  standard  status  in  several  countries,  including  an  ASTM  Standard 
(D-5660)  in  the  United  States  (AZUR  Environmental  3). 

The  Microtox  toxicity  testing  procedure  utilizes  luminescent  bacteria,  specifically 
the  strain  Vibrio  fischcri  NRRL  B-l  1 177,  to  measure  the  toxicity  of  environmental 
samples.  When  grown  properly,  the  bacteria  produce  light  as  a  by-product  of  cell 
respiration,  which  is  fundamental  to  cellular  metabolism  and  all  associated  life  processes. 
Any  inhibition  to  cellular  activity  (toxicity)  will  result  in  a  decreased  rate  of  cell 
respiration  and  a  corresponding  decreased  rate  of  luminescence  (AZUR  Environmental 
2).  Greater  toxicity  results  in  a  greater  percentage  drop  in  the  rate  of  luminescence. 

2.3.2  Dissolved  Oxygen  as  a  Measure  of  Toxicity 

The  measure  of  toxicity  used  for  this  thesis  effort  is  the  amount  of  dissolved 
oxygen  (DO)  consumed.  Aerobic  cell  respiration,  which  is  fundamental  to  cellular 
metabolism  and  associated  life  processes,  requires  the  consumption  of  dissolved  oxygen. 
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As  long  as  microorganisms  are  performing  life  functions  the  rate  of  oxygen  consumption 
should  be  high.  The  rate  of  oxygen  consumption  would  be  expected  to  decrease  if  a 
toxicant  was  present  that  prevented  or  inhibited  normal  cell  respiration.  In  the  presence 
of  a  toxicant,  one  would  expect  a  decreased  rate  of  oxygen  consumption.  Relative 
toxicity  of  different  toxicant  concentrations  can  be  measured  by  comparing  the  change  in 
oxygen  consumption  rates. 

2.3.3  Plate  Count  as  a  Measure  of  Toxicity 

A  heterotrophic  plate  count  is  a  procedure  used  for  estimating  the  number  of  live 
heterotrophic  microorganisms  in  water.  Standard  Methods  (9215)  discusses  various 
procedures  to  perform  plate  counts.  The  pour  plate  method  is  simple  and  capable  of 
handling  volumes  of  sample  or  diluted  sample.  The  colonies  produced  are  smaller,  more 
compact  and  show  fewer  tendencies  to  encroach  on  each  other  than  surface  growth  plates 
such  as  spread  plates.  The  number  of  colony  forming  units  (CFUs)  is  an  estimate  of  the 
number  of  live  microorganisms  (Standard  Methods  9215). 

For  purposes  of  this  thesis  effort,  pour  plates  were  created  for  each  microcosm.  It 
was  expected  that,  as  the  concentration  of  tolyltriazole  increased,  the  number  of  CFUs 
would  decrease.  The  decrease  in  the  number  of  CFUs  would  indicate  that  tolyltriazole 
has  an  inhibitory  effect  on  the  microorganisms  and  is  either  toxic  and  killed 
microorganisms  or  prevented  the  microorganisms  from  replicating. 

2.4  Theoretical  Oxygen  Demand 

Theoretical  Oxygen  Demand  (ThOD)  is  a  calculation  based  on  stoichiometry  used 
to  determine  the  amount  of  oxygen  required  to  convert  an  organic  carbon  compound  to 
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water,  carbon  dioxide,  and  ammonia.  A  higher  ThOD  indicates  that  the  microorganisms 
require  more  oxygen  to  completely  degrade  the  compound.  Table  2  shows  the 
calculations  used  to  find  the  ThOD  for  propylene  glycol  and  tolyltriazole. 

Table  2.  Theoretical  Oxygen  Demand  for  PG  &  Tolyltriazole 


Basic  ThOD  Equation: 

CnHaOhNc  +  {n  +  “  |  1  c)02  =>  nC02  +  (^--|  C)H  2 0  +  cNH3 


Propylene  Glycol 

Tolyltriazole 

Molecular  Formula 

c3h8o2 

C7H7N3 

Molecular  Weight 

76.094 mgPGI  mole 

1 33mgTolyltriazole  /  mole 

Stoichiometric 

Equation 

C3Hs02  +  4 02  => 
3C02  +  4H20 

C1H1N3  +6.5 02  +H20^>  1C02  +3  NH3 

Molar  Ratio 

02  :  C3Hs02  =  4.0 
02:C02  =  1.333 

02 :  C7H1Ni  =  6.5 

02  :  C02  =  .9285 

ThOD 

128  mg02 

208 mg02 

~  76.094 mgPG 
=  1 .68 mg02  /  mgPG 

\33mgTolyltriazole 

1.564 mg02  /  mgTolyltriazole 

2.5  Glycol 

Within  the  last  five  years  there  has  been  a  shift  from  EG  based  ADAFs  to  PG 
based  ADAFs.  Ethylene  glycol  was  the  most  popular  de-icer,  despite  its  toxicity  and 
high  biological  oxygen  demand  (BOD).  After  a  national  shortage  in  1994,  airlines  turned 
to  PG  as  a  substitute.  From  that  point,  EG  never  recaptured  the  market  (Human  Systems 
Center  76).  Propylene  glycol  is  not  as  toxic  as  ethylene  glycol  (Hartwell  et  al.  1375- 
1376). 

Glycol  based  chemicals  tend  to  degrade  rapidly  under  aerobic  conditions, 
preventing  bioaccumulation,  therefore;  toxicity  concerns  with  glycols  are  often  transitory 
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due  to  the  fast  degradation  (Hartwell  et  al.  1376,  Pillard  314).  The  primary 
environmental  concern  with  these  chemicals  is  the  high  BOD.  Airports  often  send  their 
spent  ADAFs  to  the  local  sewage  treatment  facility.  The  high  BOD  tends  to  disrupt  the 
biological  activities  at  the  sewage  treatment  plant,  incurring  high  costs  to  the  airport 
(Cornell  et  al.  1998:1).  The  high  BOD  experienced  in  glycol  receiving  streams  causes 
asphyxiation  due  to  oxygen  depletion,  not  direct  toxicity  (Pillard  312).  One  factor 
influencing  the  degradation  rate  is  the  chain  length  and  molecular  weight.  Glycols  are 
readily  degraded  in  both  soil  and  water  environments. 

Table  3.  Chemical  Characteristics  of  PG 


Propylene  Glycol  Characteristics 

Result 

Reference 

Boiling  Point  (°C)  @  760  mm  Hg 

188.2 

Sax  and  Lewis  (1989) 

Freezing  Point  (°C)  @760  mm  Hg 

-59 

Sax  and  Lewis  (1989) 

Vapor  Pressure  (mm  Hg)  @  20  °C 

.08 

Sax  and  Lewis  (1989) 

Solubility  in  Water 

>10  g/lOOmL  @  21°C 

Chemfinder(PG) 

2.6  Tolyltriazole 


Both  Type  I  and  Type  II  ADAFs  contain  rust  and  precious  metal  corrosion 
inhibitors.  All  rust  and  corrosion  inhibitors  are  highly  reactive  and  are  designed  to  attach 
to  and  coat  metal  surfaces.  By  doing  this,  oxidation  of  the  metal  is  minimized  (Hartwell 
et  al.  1375).  Using  a  bioassay-directed  isolation  of  ADAF  fluid  components,  Cancilla 
and  others  identified  the  additive  tolyltriazole  (1997:430).  Tolyltriazole  is  a  common 
corrosion  inhibitor  used  in  virtually  all  anti-icing  and  engine  coolant  formulations  as  well 
as  automobile  antifreeze,  cooling  towers,  and  processes  such  as  photographic 
development  (Cancilla  et  al.  1998:3834).  Cornell  and  others  indicate  that  ADAFs  are 
typically  0.5-0. 6%  (1000-5000  ppm)  tolyltriazole  (Cornell  et  al.  1998:2;  Cornell  1998:2). 
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Other  corrosion  inhibitors  include  sodium  nitrite,  sodium  benzoate,  borax,  and 
benzotriazole  (Hartwell  et  al.  1384). 

Tolyltriazole,  a  derivative  of  benzotriazole,  is  the  common  chemical  name  for 
5(6)-methyl-lH-benzotriazole.  The  two  isomers,  5  and  6  methyl- lH-benzotriazole,  are 
both  used  when  creating  commercial  grade  tolyltriazole.  Benzotriazoles  and  their 
derivatives,  heterocyclic  (aromatic)  compounds,  degrade  differently  than  the  glycol 
solvents  or  straight-chained  alcohols,  in  which  they  are  often  dissolved  (Human  Systems 
Center  93). 

Cornell  and  others  found  that,  during  Microtox  experiments,  the  microorganisms 
were  very  sensitive  to  the  addition  of  tolyltriazole  (Cornell  et  al.  1998:10).  At  low 
environmental  loadings  (9  to  60  ppm),  which  modeled  a  dilute  waste  stream,  the 
tolyltriazole  conferred  moderate  toxicity  to  the  C.  dubia.  However,  at  higher 
environmental  loadings  (>  600  ppm),  representative  of  concentrated  waste  streams,  the 
tolyltriazole  conferred  a  very  high  toxicity  to  the  C.  dubia  (Cornell  1998:8-9). 

Cancilla  and  others  found  that  the  tolyltriazole  exhibited  significant  toxicity  using 
the  Microtox  test,  as  referenced  in  the  table  below  (1997:433). 

Table  4.  Microtox  EC50  Values  for  Benzotriazole3 


Compound 

Estimated 

Log(Kow) 

ECso  (5  min) 
(mg/L) 

EC50  (15  min) 
(mg/L) 

1  H-Benzotriazoleb 

1.27 

41.13  ±4.63 

41.65  ±11.01 

5-Methyl-  1H  Benzotriazole6 

2.16 

5.69  ±  1.19 

5.91  ±1.11 

5,6-Dimethyl- 1  H-Benzotriazole 

3.05 

0.72  ±  0.28 

0.80  ±  0.33 

Isolated  fraction  from  Type  I  ADAFC 

N/A 

11.08  +  0.49 

12.39  ±2.25 

NOTES: 

a  Table  from  Cancilla  et  al.  1997:433 
b  Identified  in  Type  I  and  Type  II ADAF 
c  Isolated  Benzotriazole 
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Limited  acute  toxicity  data  indicates  that  tolyltriazole  is  moderately  toxic  to 
Lepomis  macrochirus  and  Daphnia  magna  (Cornell  et  al.  1998:2).  Tolyltriazole  is  a 
weak  organic  acid  and  is  relatively  hydrophobic  (Cornell  et  al.  1998:2).  These  properties 
indicate  that  tolyltriazole  may  accumulate  in  the  subsurface  or  in  sediments.  The  work  of 
Burke  (1999)  suggests  that  the  presence  of  tolyltriazole  will  reduce  or  slow  the 
degradation  of  glycol  or  other  degradable  contaminants. 

Some  key  properties  of  tolyltriazole  are  summarized  in  the  table  below.  Of 
particular  interest  is  the  octanol  /  water  partition  coefficient.  This  coefficient  serves  as  an 
indicator  of  the  chemical’s  affinity  for  fatty  tissues.  The  octanol  /  water  partition 
coefficient  is  also  useful  in  predicting  the  toxicity  of  a  particular  chemical.  As  a  rule, 
organic  solvents  having  a  log  KoW  (KoW  =  0.6)  greater  than  4.0  do  not  suppress  microbial 
activity,  whereas  those  with  log  KoW  (Kow  =  0.3)  less  than  2.0  are  highly  toxic  (Alexander 
137-138).  This  generalization  does  not  apply  to  methylated  benzotriazoles.  Table  4, 
shown  above,  demonstrates  that  the  toxicity  increases  with  an  increasing  log  KoW.  A 
regression  analysis  shows  a  significant  linear  relationship  (r2=0.999)  indicating  that 
partitioning  into  the  microbe’s  bi-layer  is  an  important  aspect  of  the  toxicity  mechanism 
(Cornell  1998:2). 


Table  5.  Chemical  Characteristics  of  Commercial  Tolyltriazole 


Tolyltriazole  Characteristics 

Value 

Reference 

Boiling  Point  (°C)  @  760  mm  Hg 

160 

PMC  Specialties  (1996) 

Melting  Point  (°C)  @760  mm  Hg 

76-87 

PMC  Specialties  (1996) 

Vapor  Pressure  (mm  Hg)  @  20  °C 

0.03 

PMC  Specialties  (1996) 

Solubility  in  Water 

<0.01  g/lOOmL  @  18°C 

Chemfinder  (Tolyltriazole) 

Octanol/Water  Partition  Coefficient  (log  Kow) 

2.16 

Cornell  (1998:7) 

20 


2.7  Gram-Negative  and  Gram-Positive  Characteristics 

One  broad  classification  method  for  microorganisms  is  the  process  of  Gram 
staining.  Microorganism  samples  are  stained,  in  the  order  listed,  with  the  purple  dye 
crystal  violet,  iodine  solution,  alcohol,  and  the  red  dye  safranin.  There  are  two 
classifications  in  which  Gram  stained  microorganisms  will  fall;  Gram-positive, 
microorganisms  that  retain  the  crystal  violet  dye  and  appear  deep  violet  in  color,  or 
Gram-negative  microorganisms,  organisms  which  lose  the  crystal  violet  dye  and  appear 
red  (Pelczar  et  al.  96).  The  reason  microorganisms  stain  differently  appears  to  be  due  to 
differences  in  the  structure  and  thickness  of  the  cell  wall. 

2.7.1  Gram-Positive  Characteristics 

Gram-positive  cell  membranes  are  simple  in  comparison  to  Gram-negative. 
Typically  Gram-positive  microorganisms  have  a  cell  wall  that  contains  a  large  amount  of 
peptidoglycan,  a  large  polymer  providing  the  rigid  structure  of  the  cell  wall,  making  the 
cell  wall  appear  thick.  Peptidoglycan  may  account  for  50  percent  or  more  of  the  cell 
wall’s  dry  weight  (Pelczar  et  al.  122).  Many  Gram-positive  microorganisms  contain 
teichoic  acids  in  their  cell  walls.  Teichoic  acids,  polymers  of  glycerol  and  ribitol 
phosphates,  attach  to  the  peptidoglycan  or  to  the  cytoplasmic  membrane.  When  the 
teichoic  acids  are  negatively  charged,  they  may  aid  in  the  transport  of  positive  ions  into 
and  out  of  the  cell  (Pelczar  et  al.  122).  Gram-positive  cell  walls  contain  none  of  the 
phospholipids  that  are  common  in  the  Gram-negative  microorganisms. 
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2.7.2  Gram-Negative  Characteristics 

Gram-negative  cells  have  an  outer  membrane  covering  a  thin  layer  of 
peptidoglycan.  The  thin  layer  of  peptidoglycan  may  only  account  for  10  percent  of  the 
cell  wall’s  dry  weight.  The  peptidoglycan  layer  is  found  in  the  periplasmic  space,  located 
between  the  cytoplasmic  membrane  and  the  outer  membrane,  a  space  that  the  Gram¬ 
positive  microorganisms  do  not  contain.  The  outer  membrane  serves  as  a  selective 
barrier,  controlling  the  flow  of  some  substances  into  and  out  of  the  cell,  just  as  the  thick 
cell  wall  acts  as  a  selective  barrier  in  the  Gram-positive  microorganisms  (Pelczar  et  al. 
122). 

The  outer  membrane  is  generally  a  barrier  to  large  molecules,  such  as  proteins, 
but  is  permeable  to  smaller  molecules  such  as  purines  and  pyrimadines,  disaccharides, 
peptides,  and  amino  acids.  The  outer  layer  is  selectively  permeable  to  molecules  on  the 
basis  of  their  electric  charge  and  molecular  size. 

2.7.3  Mechanism  of  the  Gram  Stain 

Gram-positive  microorganisms  appear  blue  in  color  after  Gram  staining,  while 
Gram-negative  microorganisms  appear  red.  During  the  Gram  staining  procedure,  the 
microorganisms  are  treated  with  crystal  violet  (primary  dye),  then  with  iodine  (mordant). 
This  results  in  the  formation  of  a  crystal  violet-iodine  (CVI)  complex  within  the  cells. 
Upon  washing  the  microorganism  with  ethanol,  the  lipid  in  the  outer  membrane  of  Gram¬ 
negative  microorganisms  dissolves  and  is  removed.  The  outer  membrane  is  disrupted, 
increasing  the  permeability  (Pelczar  et  al.  124).  The  dye  is  washed  away,  decolorizing 
the  Gram-negative  microorganisms.  The  Gram-negative  microorganisms  are  then  stained 
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with  the  pink  counter  stain,  safranin,  and  appear  red  in  color.  In  Gram-positive 
microorganisms  the  ethanol  shrinks  the  pores  in  the  peptidoglycan,  trapping  the  CVI  dye 
complex  causing  the  microorganisms  to  appear  blue  (Pelczar  et  al.  124). 
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III.  Methodology 


3. 1  Overview  of  Experiment 

This  chapter  describes  the  procedures  and  materials  used  in  determining  the 
microbial  toxicity  of  tolyltriazole.  Yellow  Springs  Instruments  (YSI)  5905  and  5910 
Biological  Oxygen  Demand  (BOD)  probes  and  YSI  58  and  5010  DO  meters  were  used  to 
collect  DO  concentrations  within  microcosms  of  isolated  microorganisms  exposed  to 
increasing  concentrations  of  tolyltriazole.  The  probes  measure  the  concentration  of  DO 
within  the  microcosm,  from  which  an  oxygen  consumption  rate  can  be  found.  A 
decreasing  rate  of  DO  consumption  over  time  indicates  that  the  microorganisms  may  be 
sensitive  to  the  test  materials.  Previous  research  conducted  by  Marbas  (1996)  used 
methods  similar  to  this  thesis  effort. 

The  microcosms  consisted  of  a  measured  amount  of  inoculate,  a  measured  amount  of 
dissolved  tolyltriazole  solution,  and  dilution  water.  Each  experimental  run  differed  in  the 
inoculate  solution  being  tested.  Over  the  duration  of  the  experiment,  the  DO  values  were 
recorded  and  increases  or  decreases  in  the  rate  of  oxygen  consumption  were  used  as  an 
indicator  of  microbial  activity  and,  ultimately,  toxicity. 

3.2  Microorganisms 

This  section  describes  the  process  used  to  gather  and  cultivate  the  microorganisms 
used  throughout  this  thesis  effort. 
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3.2.1  Microorganism  Source 

For  purposes  of  this  research,  microorganisms  that  thrive  in  conditions  similar  to 
those  in  an  airfield  were  desired.  Soil  samples  were  taken  from  a  clearing  within  a 
wooded  area  located  near  Building  470,  Wright-Patterson  Air  Force  Base,  Ohio.  The 
conditions  in  the  field,  few  trees  with  patchy  grass  and  weeds,  were  similar  to  those  that 
might  be  found  near  an  airfield.  The  top  10-20  centimeters  of  soil  were  removed  and  the 
sample  was  collected  from  the  cleared  area  using  a  small  shovel.  The  soil  was  placed 
into  a  plastic  pail  and  transported  into  Building  470. 

Ten  grams  of  the  soil  sample  and  100  ml  of  water  were  added  to  each  of  six  200 
ml  Erlenmeyer  flasks.  Increasing  amounts  of  tolyltriazole  (0.0  to  0.5  g)  were  added  to 
the  bottles  to  select  microorganisms  with  some  degree  of  tolerance.  One  bottle  contained 
no  tolyltriazole  while  the  other  five  contained  up  to  0.5  g  of  tolyltriazole  in  0.1  g 
increments.  Each  flask  was  stirred  on  a  magnetic  stirrer  overnight. 

3.2.2  Microorganism  Isolation 

STEP  1:  The  first  attempt  to  grow  microorganisms  was  accomplished  using  DIFCO 
noble  agar.  The  agar  solution  was  prepared  by  adding  2  ppm  of  PG,  as  the  degradable 
carbon  source;  noble  agar;  and  2  300  mL  HACH  BOD  nutrient  buffer  pillows  (See  table 
6  for  a  breakdown  of  ingredients)  as  an  inorganic  nutrient  source,  to  500  ml  of  de-ionized 
water.  The  solution  was  autoclaved  at  121  °C  for  15  minutes  in  a  Tuttnaur  Brinkmann 
3870  autoclave.  Pour  plates  were  prepared  by  adding  1.0  ml  of  the  soil-tolyltriazole 
solution  to  the  petri  dish  and  then  adding  the  agar  solution  upon  cooling  (~40°C).  Three 
replicates  were  prepared  for  each  soil-tolyltriazole  solution  along  with  two  blanks 
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containing  no  soil-tolyltriazole  solution.  Upon  solidification  the  pour  plates  were  placed 
in  a  Cole-Parmer  Ecotherm  Chilling  Incubator  at  a  constant  temperature  of  28  °C. 

Table  6.  Hach  BOD  Buffer  Pillow  Components 


Component 

Percentage 

Potassium  Phosphate 

<  5.0  % 

Magnesium  Sulfate 

<  5.0  % 

Calcium  Chloride 

<5.0% 

Ferric  Chloride 

<1.0% 

Other  Components 

<1.0% 

Demineralized  Water 

To  100% 

NOTE: 

BOD  Buffer  MSDS  (HACH  Company) 

Growth  was  observed  on  the  control  plate  and  the  plate  containing  0.1  g/lOOmL 
tolyltriazole  after  6  days.  No  growth  was  observed  on  the  plates  containing  higher 
amounts  of  tolyltriazole. 


STEP  2:  The  agar  solution  was  prepared  in  the  same  way  as  Step  1  except  1 1 .5  g  of 
nutrient  agar  and  40  ppt  of  PG  were  added.  After  autoclaving  and  cooling  the  agar  was 
poured  into  20  petri  dishes.  The  agar  was  left  out  overnight  to  solidify  prior  to  placing 
the  cultivated  colonies  from  the  Step  1  plates,  onto  the  new  plates. 

Isolated  colonies  were  removed  from  the  control  pour  plates  prepared  in  Step  1 
and  spread  onto  the  new  petri  dishes  using  a  sterilized  platinum  loop.  The  spread  plates 
were  placed  in  the  incubator  for  three  days. 


STEP  3:  A  third  agar  solution  was  prepared  in  the  same  way  as  in  Step  2  but  contained 
200  ppm  of  PG.  The  agar  was  poured  in  to  the  20  petri  dishes  and  allowed  to  solidify. 
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Colonies  that  appeared  to  be  unique  and  uniform  from  the  Step  2  plates  were  scraped 
using  a  sterilized  platinum  loop  and  placed  onto  separate  new  plates.  Nine  distinct 
microbial  colonies  were  isolated. 

STEP  4:  Stock  cultures  were  prepared  in  test  tubes  so  that  the  nine  colony  types  would 
be  viable  throughout  the  experiment.  Nutrient  agar  supplemented  with  200  ppm  of  PG 
was  used  as  the  growth  medium  for  the  microorganisms.  The  agar  solution  was  poured 
into  the  test  tubes  and  solidified  at  an  angle  creating  a  large  surface  area  for  growth. 

Once  the  test  tube  agar  solidified  each  of  the  nine  distinct  organisms  were  transferred  into 
individual  test  tubes  using  a  sterilized  platinum  loop.  Two  replicate  cultures  were  created 
for  each  microorganism.  The  test  tubes  were  maintained  in  the  incubator,  allowing  a 
stable  growth  environment. 

3.2.3  Microorganism  Classification 

The  microorganisms  were  classified  in  two  manners,  first  by  performing  a  Gram 
stain,  and  second  by  having  the  cultures  identified  by  commercial  laboratories. 

3.2.3. 1  Gram  Stain  Procedure 

A  Gram  stain  was  performed  on  each  of  the  nine  microbial  populations  to  further 
identify  the  microorganisms.  A  Fisher  Diagnostics  Gram  staining  kit  was  used  and  the 
associated  procedure  was  followed.  The  results  indicated  that  all  of  the  isolated 
microbial  populations  were  Gram-negative.  The  organisms  were  of  different  shapes  and 
sizes,  indicating  that  each  test  tube  contained  a  different  microbial  colony. 
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The  Gram  staining  was  accomplished  on  microscope  slides.  The  slides  were  then 
examined  under  a  Zeiss  microscope  using  lOOOx  magnification.  The  following  table 
summarizes  the  shape  of  the  nine  microorganism  samples. 

Table  7.  Gram-Negative  Microorganism  Shape  and  Size 


Microorganism  Sample 

Shape 

Mercury 

Bacillus 

Venus 

Bacillus 

Earth 

Coccus 

Mars 

Coccus 

Jupiter 

Bacillus 

Saturn 

Coccus 

Uranus 

Bacillus  /  Coccus 

Neptune 

Coccus 

Pluto 

Coccus 

3.2.3.2  Lab  Analysis 

Of  the  five  coccus  microbial  populations,  only  two  were  chosen  for  use  through 
out  this  thesis  effort.  After  microscopic  evaluation  the  chosen  microbial  populations 
were  noticeably  different  in  size  from  each  other.  Mars,  Pluto,  and  Earth  were  all  very 
small,  and  of  the  three,  Mars  (-0.5-1. 5  pm)  was  chosen  for  further  analysis.  Saturn  was 
definitely  the  largest  (-0.5-2.0  pm)  of  the  coccus  microbial  populations,  and  for  that 
reason  it  was  chosen.  Bacillus,  a  Gram-positive  microorganism,  was  chosen  to  use  as  a 
reference  to  compare  microbial  behavior  among  Gram-positive  and  Gram-negative 
microorganisms.  lLt  Chris  Leonard  (2000)  evaluated  the  Bacillus  culture  and  two  other 
cultures  that  were  rod-shaped,  Jupiter  and  Venus. 

Three  commercial  labs:  Microcheck,  INC.,  Midi  Labs,  and  Microbial  Insights 
each  used  different  methods  to  evaluate  the  microorganisms.  The  methods  used  to 
identify  the  microorganisms  included  a  fatty  acid  profile  and  a  1 6S  rRNA  gene  sequence 
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similarity  analysis.  As  indicated  in  the  report  (Appendix  A)  the  microorganisms  were 
different  from  the  initial  classification. 

3.3  Dilution  Solution  /  Inoculum  /  Toxicant  Preparation 

The  following  sub  sections  will  explain  the  process  of  preparing  the 
microorganism  inoculum,  the  dilution  solution  used,  and  the  toxicant  solution. 

3.3.1  Dilution  Solution 

The  dilution  solution  was  used  to  fill  the  remaining  headspace  in  the  BOD  bottle 
after  the  tolyltriazole  and  inoculum  had  been  added.  The  dilution  solution  consisted  of 
de-ionized  water  supplemented  with  HACH  BOD  buffer.  BOD  buffer  was  added  to 
ensure  a  consistent  environment  for  the  microorganisms,  maintaining  osmotic  pressure 
similar  to  that  the  microorganisms  were  exposed  to  in  the  growth  solution,  and  to  ensure 
an  adequate  supply  of  inorganic  nutrients.  This  solution  was  also  used  as  a  blank  to 
ensure  that  outside  contamination  was  minimized.  The  use  of  the  blank  microcosm  will 
be  explained  later. 

3.3.2  Microorganism  Inoculum 

The  microorganisms  were  required  to  be  in  solution  for  the  experiment.  This  was 
accomplished  by  creating  a  solution  containing  nutrients  (organic  and  inorganic)  in  which 
the  microorganisms  would  be  able  to  thrive.  One  liter  of  de-ionized  water  was 
supplemented  with  500  ppm  PG,  500  ppm  of  yeast  extract,  and  HACH  BOD  buffer  (~  4 
300  ml  pillows).  The  solution  was  autoclaved  at  121  °C  for  15  minutes  to  ensure 
sterility. 
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Four  platinum  loop  swipes  of  the  microorganism  were  removed  from  the  agar 
plate  and  placed  into  two  liters  of  solution.  The  solution  was  aerated,  using  a  standard 
aquarium  aerating  stone,  and  continuously  stirred  overnight.  The  air  was  filtered  through 
a  0.2  pL  Millipore  Millex®-FG50  filter  to  prevent  contamination  from  microorganisms  in 
the  atmosphere. 

3.3.3  Tolyltriazole  Solution 

Tolyltriazole  is  solid  at  room  temperature  and  must  be  dissolved  into  solution  for 
purposes  of  this  experiment.  Tolyltriazole  is  not  highly  soluble  (<0.01  g/lOOmL  @ 
18°C).  Based  on  the  concentrations  required  for  the  experiment  and  the  solubility 
limitations,  a  5000  ppm  stock  solution  was  chosen.  Five  grams  of  tolyltriazole  were 
added  to  1  L  of  heated  de-ionized  water,  the  melting  point  of  tolyltriazole  is  76-87  °C. 
The  solution  was  stirred  until  all  solids  were  dissolved.  The  solution  was  cooled  prior  to 
usage  in  an  experiment.  The  amount  needed  for  a  particular  experiment,  based  on  the 
concentration  being  tested,  was  calculated  using  the  following  equation. 

(5000 ppm 

The  different  concentrations  used  for  the  various  experiments  were  calculated  using  the 
above  equation  and  are  shown  in  the  table  below. 


/  NeededAmomtjml) 
{  300m/ 


=  DesiredConcentration[ppm ) 
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Table  8.  Tolyltriazole  Solution  Concentrations 


Desired  Concentration 
(ppm) 

Required  Amount  of  Stock  Sol 
(ml) 

h— —  1Q 

.6 

50 

3 

[  100 

6 

500  ^ 

30 

1000 

60 

3.4  Microcosm  Setup 

With  the  exception  of  the  concentration  of  tolyltriazole  and  the  type  of 
microorganism  added,  all  of  the  microcosms  were  prepared  in  the  same  manner.  The 
microcosms  used  in  this  experiment  were  300  ml  biological  oxygen  demand  (BOD) 
bottles. 

3.4.1  Tolyltriazole  Solution 

The  concentration  of  tolyltriazole  used  in  the  experiments  was  determined  during 
trial  experiments.  A  large  range  of  values  was  used  in  order  to  capture  the  concentration 
at  which  adverse  affects  would  be  noticed.  Experiments  were  performed  using 
concentrations  of  50, 100,  500,  and  1000  ppm  of  tolyltriazole. 

3.4.2  Dilution  Water 

BOD  buffer  was  added  to  the  de-ionized  dilution  water  to  ensure  that  the 
microorganisms  were  placed  into  a  microcosm  environment  that  had  similar  osmotic 
pressures  and  inorganic  nutrients  as  found  in  the  inoculum  solution. 


31 


3.4.3  Inoculum  Solution 


The  amount  of  inoculum  used  in  the  experiments  was  determined  in  trial  runs.  It 
was  important  to  have  a  healthy  population  that  would  consume  oxygen  at  a  steady  rate 
with  a  residual  dissolved  oxygen  concentration  of  at  least  2  mg/L  at  the  end  of  the 
experiment.  A  2  mg/L  residual  was  chosen  to  ensure  that  the  rate  of  DO  consumption 
fell  within  the  dynamic  range.  A  series  of  trial  experiments  were  performed  with  each 
microorganism  to  find  the  amount  of  inoculum  that  would  meet  the  stated  conditions. 

For  the  three  microorganisms,  the  results  of  the  trial  experiments  indicated  that  using  100 
ml  of  inoculum  met  the  specified  conditions;  greater  than  1  mg/L  DO  consumption  with  a 
residual  of  at  least  2  mg/L  DO. 

3.4.4  Microcosm  Preparation 

A  microcosm  was  prepared  by  first  adding  the  required  amount  of  tolyltriazole 
solution.  Second,  100  ml  of  dilution  water  was  added  to  buffer  the  tolyltriazole  solution 
prior  to  the  addition  of  the  microorganisms.  Finally,  100  ml  of  inoculum  was  added  and 
the  remaining  headspace  was  filled  with  dilution  water. 

Control  microcosms  were  prepared  in  the  same  order  as  stated  above,  but  no 
tolyltriazole  solution  was  added.  Three  blank  microcosms  were  prepared  using  only 
dilution  water  solution  to  ensure  that  cross  contamination  and  outside  contamination  was 
not  a  factor  in  oxygen  consumption.  The  blanks  were  also  used  to  measure  whether  or 
not  oxygen  was  being  introduced  into  the  system  due  to  either  poor  seals  or  other  avenues 
such  as  extended  stopper  removal. 
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3.5  Dissolved  Oxygen  Probe 

The  DO  probes  used  for  this  thesis  effort  were  YSI 5905  and  YSI 5010  BOD 
probes  in  conjunction  with  the  YSI  58  and  YSI  5100  DO  meters,  respectively.  The 
operating  principals  of  the  BOD  probes  are  the  same.  The  probes  use  a  membrane- 
covered,  Clark-type  polarographic  sensors  with  built  in  thermistors  for  temperature 
measurement.  The  electrolytic  cell,  consisting  of  a  gold  cathode  and  silver  anode,  is 
isolated  from  the  environment  by  a  thin  permeable  membrane  stretched  over  the  sensor. 
The  membrane  allows  oxygen  and  other  gases  to  enter,  while  preventing  fouling  of  the 
cathode  surface  by  impurities  in  the  environment.  Oxygen,  upon  entering  the  cell 
through  the  membrane,  is  reduced  at  an  applied  potential  of  -0.8  V  referenced  to  the 
silver  electrode.  The  partial  pressure  of  oxygen  in  liquid  (%  air  saturation)  is  directly 
proportional  to  the  reduction  current  and  to  the  concentration  of  dissolved  oxygen  (mg/L) 
at  a  particular  temperature.  The  same  partial  pressure  of  oxygen  will  give  different 
concentrations  of  DO  depending  on  the  temperature  (YSI  5905/5010  BOD  Probe 
Instruction  Manual  2). 

3.5.1  Probe  Calibration 

Manufacturer  procedures  were  followed  to  ensure  that  the  two  YSI  BOD  probes 
were  properly  calibrated.  Prior  to  every  experiment,  the  probes  were  calibrated  according 
to  manufacturer’s  standards.  In  order  to  ensure  the  two  probes  produced  the  same  result, 
comparison  experiments  were  conducted  after  calibration  as  suggested  by  YSI 
procedures.  First,  the  temperature  readings  needed  to  be  stabilized  to  +/-  0.2  °C.  Once 
this  was  accomplished,  the  YSI  5100  DO  meter’s  probe  was  placed  in  a  microcosm  and 
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allowed  to  stabilize,  then  the  percent  DO  was  recorded.  The  second  probe  was  then 
placed  into  the  same  microcosm,  allowed  to  stabilize,  and  the  percentage  of  DO  was  set 
to  the  same  value  as  the  YSI 5100  meter.  The  DO  concentration  (mg/L)  values  of  each 
probe  were  compared  to  ensure  the  difference  was  less  than  +/-  0.2  mg/L.  Once  the 
stated  conditions  were  met,  the  probes  were  each  calibrated. 

The  probes  were  calibrated  daily  according  to  the  procedures  stated  above.  Upon 
calibration  completion  the  probes  were  set  in  BOD  bottles  containing  de-ionized  water 
for  30  minutes  to  an  hour  allowing  the  probe  to  stabilize. 

3.5.2  Consistency  Experiment 

A  consistency  experiment  was  performed  to  verify  that  the  probes  were  able  to 
detect  DO  concentrations  within  +/-  0.2  mg/L  of  each  other  in  identical  environments. 

An  experiment  was  devised  to  ensure  that  the  readings  of  each  DO  probe  read  DO 
concentrations  within  +/-  0.2  mg/L  with  in  the  same  microcosm.  Six  BOD  bottles  were 
prepared  each  containing  a  different  amount  of  sodium  sulfite,  Na2S03.  The  solution  was 
stirred  until  the  Na2S03  had  dissolved.  Sodium  sulfite  consumes  DO  and  after  a  certain 
period  of  time  the  DO  concentration  will  level  off.  This  time  period  was  determined  in 
trial  experiments.  After  3  minutes  the  change  in  DO  concentration  was  minimal, 
therefore  it  was  determined  that  a  time  period  of  5  minutes  would  allow  adequate  time  for 
stabilization. 

The  first  DO  probe  was  placed  in  the  bottle  containing  no  Na2S03  and  allowed  to 
equilibrate  for  5  minutes,  at  which  time  the  DO  concentration  was  recorded.  The  DO 
probe  was  removed  rinsed  and  placed  in  the  next  BOD  bottle  for  5  minutes.  Once  the 
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first  DO  probe  was  removed  from  the  first  BOD  bottle,  the  second  DO  probe  was  placed 
in  the  first  BOD  bottle.  The  second  DO  probe  was  allowed  to  equilibrate  for  5  minutes 
before  the  DO  concentration  was  recorded.  The  experiment  was  performed  to  determine 
the  difference  in  each  DO  probe.  The  DO  probes  were  found  to  be  comparable.  The 
average  difference  between  DO  concentration  readings  of  the  two  probes,  0.055  mg/L, 
was  less  than  that  allowed  by  the  manufacturer’s  guidelines  (0.2  mg/L).  Reference 
Appendix  C  for  test  results. 

3.6  Experimental  Setup 

Eighteen  microcosms  were  prepared  for  each  experimental  run.  Microcosms 
consisted  of  blanks  (de-ionized  water),  controls  (0  ppm  tolyltriazole),  and  four  different 
tolyltriazole  concentrations,  with  three  replicates  prepared  for  each.  Each  probe  was  used 
to  record  the  oxygen  values  of  nine  microcosms. 

The  microcosms  were  prepared  on  a  staggered  time  schedule  to  ensure  that  all 
microcosms  were  freshly  prepared  prior  to  the  initial  DO  reading.  The  BOD  probe  was 
rinsed  with  de-ionized  water  prior  to  all  DO  measurements.  The  probe  was  inserted  into 
the  BOD  bottle  firmly  to  ensure  an  airtight  seal  and  the  microcosm  was  continuously 
stirred.  The  probe  was  allowed  to  stir  in  the  bottle  for  one  minute  prior  to  recording  the 
DO  measurement.  Eight  cycles  were  performed  to  ensure  that  an  adequate  number  of 
points  existed  for  analysis  of  the  DO  rates.  Between  readings  a  glass  stopper  was  placed 
in  the  BOD  bottles  to  prevent  the  introduction  of  outside  oxygen  by  providing  an  airtight 
seal. 
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3.7  Dry-Weight  Procedure 

Dry  weight  was  calculated  as  an  indirect  measure  of  microbial  mass.  Dry  weight 
was  also  used  as  a  check  to  ensure  that  the  inoculum  solution  was  well  mixed.  Three 
replicates  were  taken  and  the  average  weight  of  the  three  calculated. 

Whatman  glass  microfibre  (1  pm  pore  size)  filters  were  rinsed  with  de-ionized 
water,  placed  into  an  aluminum  weigh  boat  and  dried  in  a  Blue  General  Signal  Co.  muffle 
furnace  at  600  °C  for  3  hours.  The  aluminum  weigh  boats  were  removed  from  the  muffle 
furnace  and  placed  in  a  Whatman  desiccator  for  storage  until  used.  The  tarred  initial  dry 
weight  of  the  filters  was  recorded,  just  prior  to  filtration,  using  a  Mettler  Toledo  AB204-5 
balance.  The  filter  was  placed  on  a  vacuum  filter  and  a  20  ml  sample  was  filtered 
through  before  experimental  set-up.  This  was  repeated  three  times.  After  filtering  the 
inoculum  contents  the  filters  were  placed  in  their  respective  aluminum  weigh  boats  and 
placed  in  the  Precision  Scientific  Thelco  laboratory  oven  at  104  °C  for  6  hours.  The  final 
dry  weight  was  recorded. 

3.8  Colony  Count 

The  ability  of  the  microorganisms  to  replicate  was  measured  using  a  colony 
count.  Upon  completion  of  the  experiment,  pour  plates  were  prepared  in  accordance  with 
Standard  Methods  9215,  for  each  microcosm.  The  samples  from  each  microcosm  were 
diluted  and  then  500  pi  of  the  diluted  solution  was  placed  into  the  petri  dishes. 

Test  tubes  containing  10  ml  of  de-ionized  water,  supplemented  with  BOD  buffer, 
were  prepared.  Twenty  micro  liters  were  removed  from  each  microcosm  and  pipetted 
into  the  test  tubes.  Each  test  tube  was  shaken  and  500  pi  from  the  diluted  sample  was 
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placed  into  petri  dishes.  Pour  plates  were  prepared  using  nutrient  agar.  Upon 
solidification  the  plates  were  placed  into  an  incubator  for  24  hours. 

Plate  counts  were  performed  using  a  Leica  Quebec  Darkfield  Colony  Counter.  In 
the  case  that  there  were  too  many  colonies  to  count,  one  grid  was  counted  and  multiplied 
by  the  number  of  grids.  In  some  situations  there  were  too  many  CFUs  too  numerous  to 
count,  even  using  the  grid  method,  and  a  number  could  not  be  recorded. 

3.9  Statistical  Analysis 

The  first  objective  of  this  thesis  effort  was  to  determine  if  tolyltriazole  was  toxic, 
to  the  isolated  microorganisms’  at  the  tested  concentrations.  Average  DO  consumption 
rates  for  unexposed  microorganisms  were  compared  to  the  average  DO  consumption 
rates  of  microorganisms  exposed  to  different  levels  of  tolyltriazole.  Several  statistical 
tests  exist  that  can  be  used  to  analyze  the  data  generated  through  out  this  thesis  effort. 

An  Analysis  of  Variance  (ANOVA)  was  conducted  to  determine  if  a  significant 
difference  in  the  means  existed.  The  ANOVA  test  is  used  for  multiple  comparisons  of 
means  within  an  experiment  with  two  or  more  treatments  from  two  or  more  numerical 
populations  (Devore  390).  For  this  thesis,  it  is  assumed  that  the  experimental  means  will 
be  statistically  different  from  the  control  means  if  tolyltriazole  is  toxic  to  the 
microorganisms.  An  ANOVA  allows  one  to  quickly  assess  whether  further  statistical 
analysis  is  required.  Based  on  ANOVA  results  additional  statistical  analysis  was 
required. 
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3.9.1  Dunnett’s  Multiple  Comparisons  of  Means 

The  Dunnett’s  comparison  is  a  statistical  test  used  when  comparing  several 
experimental  means  against  that  of  a  control.  The  Dunnett’s  comparison,  unlike  multiple 
t-tests,  allows  one  to  control  the  alpha  value  (rejecting  the  null  hypothesis  when  it  is 
true).  As  the  number  of  comparisons  increases  in  a  t-test  the  alpha  value  increases. 
However,  a  Dunnett’s  comparison  only  does  comparisons  of  each  experiment  mean  to 
that  of  a  specified  control,  maintaining  a  specified  alpha  value.  The  Dunnett’s 
comparison  analysis  was  performed  by  the  statistical  software  package  JMP  Start 
Statistics  (Sail  and  Lehman,  1996). 

The  familywise  Type  I  error  will  not  exceed  0.05  (the  specified  per  comparison 
Type  I  error  rate)  in  a  Dunnett  comparison,  while  in  other  comparison  calculations  the 
familywise  Type  I  error  will  exceed  the  per  comparison  Type  I  error  (Sheskin  340).  The 
equation  used  to  calculate  the  familywise  Type  I  error  rate  is  shown  below  (Sheskin  340). 

a>  =l-(1-aPc)c 

For  the  conditions  in  this  thesis,  five  comparisons,  the  familywise  Type  I  error  rate  was 
found  to  be  0.226,  much  greater  than  the  per  comparison  Type  I  error  of  0.05.  The 
Dunnett's  comparison  proved  to  be  the  most  useful,  due  to  the  fact  that  it  was  able  to  keep 
the  Type  I  error  rate  low  by  adjusting  the  level  of  significance  for  each  comparison. 

Each  microorganism’s  control  DO  uptake  rate  (identified  as  the  control)  was 
compared  to  the  uptake  rates  at  50, 100,  500,  and  1000  ppm  tolyltriazole  (identified  as  the 
experimental).  The  Dunnett’s  comparison  identified  any  concentrations  that  produced 
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statistically  significant  differences  from  the  control  at  a  familywise  95%  level  of 
confidence.  See  Appendix  B  for  detailed  Dunnetf  s  test  procedures. 

3.9.2  Two-Tailed  t-Test 

The  two-tailed  two  independent  sample  t-test  was  chosen  to  determine  if  high 
concentrations  of  tolyltriazole  affected  the  DO  probe  membrane.  The  two-tailed  t-test 
performs  a  comparison  between  two  means.  The  null  hypothesis  states  that  the  two 
means  being  compared  are  the  same.  A  two-tailed  test  was  chosen  because  the  null 
would  only  be  rejected  if  a  large  enough  difference  existed  between  the  two  means 
(positive  or  negative).  The  goal  of  the  experiment  was  to  determine  whether  or  not  the 
probe  membrane  was  significantly  influenced  by  high  concentrations  of  tolyltriazole. 

3.10  Early  Experiments 

Determining  the  final  methodology  described  in  the  preceding  section  was  an 
iterative  process.  Several  experiments  were  run,  problems  identified  and  corrective 
measures  taken.  Some  corrective  measures  proved  to  be  useful  while  others  made  no 
difference  in  the  results. 

3.10.1  Propylene  Glycol  Stock  Solution 

The  PG  stock  solution  is  the  growth  medium  in  which  the  microorganisms  were 
placed  once  they  had  been  scraped  from  the  petri  dish.  Original  experiments  used  a 
prepared  stock  solution  (1  L)  containing  500  ppm  of  PG  and  BOD  buffer.  During  the 
early  experiments  the  activity  of  the  microorganisms,  as  measured  by  DO  uptake,  was 
quite  low.  An  additional  food  source,  500  ppm  of  yeast  extract,  was  added  to  ensure 
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there  was  an  adequate  food  source.  The  activity  of  the  microorganisms  improved  and 
this  change  was  incorporated  into  the  final  methodology. 

Originally  the  solution  was  stirred  overnight  to  allow  the  microorganisms  to 
replicate.  When  the  experiment  began  the  initial  DO  concentration  was  often  around  4 
mg/L.  This  value  was  low  and  often  went  to  zero  before  the  experiment  was  over.  The 
problem  was  resolved  by  aerating  the  microorganisms  overnight.  A  standard  fish 
aquarium  aerator  was  used  and  between  uses  it  was  disinfected  with  hydrogen  peroxide 
and  thoroughly  rinsed  with  de-ionized  water. 

3.10.2  Dilution  Water 

The  dilution  water  was  used  to  fill  the  remainder  of  the  microcosm  after  the 
tolyltriazole  and  microorganism  solutions  had  been  added.  During  early  experiments 
only  de-ionized  water  was  used.  After  examining  some  of  the  procedures  used,  it  was 
decided  that  BOD  buffer  should  be  added  to  the  dilution  water.  The  microorganisms 
were  being  cultivated  in  a  solution  containing  inorganics  and  then  transferred  to  a 
solution  containing  no  inorganics.  In  order  to  maintain  a  stable  environment,  BOD  buffer 
was  added  to  the  dilution  water. 

3.10.3  Microcosm  Stirring 

During  the  first  experiment  the  microcosms  were  not  stirred.  It  was  assumed  that 
the  stirring  of  the  DO  probe  would  be  sufficient.  Soon  after  it  was  decided  that  the  DO 
probe  stirring  was  not  enough.  Magnetic  stir  bars  were  placed  in  each  microcosm  and  the 
microcosm  was  stirred  while  the  readings  were  taken.  This  small  procedure  change 
resulted  in  more  consistent  results  between  microcosms  of  similar  composition. 
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3.10.4  Microcosom  Preparation 

Several  different  variations  were  tried  when  determining  the  microcosm 
preparation  that  resulted  in  the  most  consistent  results.  The  first  issue  to  be  addressed 
was  the  volume  of  microbial  solution  to  be  added  to  the  microcosm.  The  amount  of 
microbial  solution  added  to  the  microcosm  needed  to  result  in  a  noticeable  DO  decrease, 
but  did  not  cause  the  DO  to  reach  zero  during  the  duration  of  the  experiment.  Initial 
experiments  used  1 0  and  then  50  mL  of  microorganisms,  but  the  decrease  in  DO  was  not 
noticeable  for  all  of  the  microorganisms.  Finally,  100  mL  was  tried  and  the  results  were 
consistent  for  the  different  microorganisms.  Some  dropped  at  a  greater  rate,  but  none  of 
them  dropped  to  a  level  that  forced  the  experiment  to  be  stopped. 

During  initial  experiments  the  four  concentrations  of  tolyltriazole  that  were  tested 
were  10,  50,  100,  and  500  ppm.  It  was  determined  that  the  10  ppm  microcosm  did  not 
have  any  noticeable  impact  on  the  microorganisms.  In  order  to  get  a  better  range  of 
possible  toxicity;  the  10  ppm  microcosm  was  replaced  with  a  1000  ppm  microcosm.  This 
finding  was  incorporated  into  the  final  methodology. 

The  last  major  alteration  was  the  order  in  which  the  components  were  placed  into 
the  microcosm.  Originally  the  required  amount  of  the  concentrated  tolyltriazole  solution 
was  added,  then  the  required  amount  of  microorganism  solution  was  added,  and  finally 
the  remainder  of  the  bottle  was  filled  with  dilution  water.  After  trying  to  determine  why 
the  results  were  not  consistent,  the  fact  that  the  microorganisms  were  momentarily 
exposed  to  a  concentrated  tolyltriazole  solution  (5000  ppm)  came  to  light.  The  short¬ 
term  exposure  to  the  high  concentration  may  have  inhibited  or  killed  the  microorganisms. 
This  concern  was  resolved  by  adding  the  tolyltriazole  solution,  100  mL  of  dilution  water. 
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100  mL  of  microorganism  solution,  and  the  remainder  of  the  bottle  was  filled  with 
dilution  water. 

3.10.5  DO  Probe  Cleaning 

The  most  significant  change  that  resulted  in  more  consistent  results  was  the 
cleaning  of  the  probes.  The  probes’  membranes  were  replaced  every  week.  However,  a 
complete  cleaning  of  the  anode  was  not  accomplished.  After  troubleshooting  all  possible 
reasons  for  the  inconsistent  probe  readings,  it  was  determined  that  the  anode  needed  to  be 
thoroughly  cleaned.  After  the  cleaning  was  accomplished,  according  to  the  user  manual, 
the  readings  were  more  consistent. 
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IV.  Data  Analysis 


4. 1  Overview  of  Data  Analysis 

Visual  and  statistical  analysis  were  conducted  on  both  the  DO  uptake  rate  data 
and  the  colony  plate  count  data.  Visually  one  could  determine  differences  between  the 
different  concentrations  of  tolyltriazole.  The  DO  uptake  rate  graphs  were  examined  and, 
in  general,  lower  uptake  rates  were  observed  for  microcosms  containing  greater 
concentrations  of  tolyltriazole.  Upon  examination  of  the  petri  dishes  after  a  24-hour 
period,  one  could  see  a  difference  in  the  number  of  colonies  present  between  the  lower 
and  higher  concentration  microcosms. 

4.2  Equipment  Standardization 

Comparison  of  the  two  DO  probes  was  conducted  to  ensure  that  the  results  from 
the  two  probes  were  consistent,  as  specified  by  the  manufacturer’s  guidelines.  The 
procedures  outlined  in  the  methodology  were  followed  with  the  goal  of  showing 
reproducibility  of  the  probes'  readings. 

4.2.1  Consistency  Experiment 

An  experiment  was  performed  to  determine  the  capability  of  the  probes  to  detect 
the  same  DO  concentration  in  different  microcosms.  Different  amounts  of  sodium 
sulfite,  Na2S03,  were  used  to  consume  different  amounts  of  DO  within  each  BOD  bottle. 
At  higher  concentrations  of  Na2S03,  the  concentration  of  DO  was  lower.  The  experiment 
determined  that  the  probes  were  precise  (degree  of  agreement  between  replicate 
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measurements  of  the  same  quantity)  within  +/-  0.03  mg/L.  See  Appendix  C  for 
experiment  results  and  statistical  analysis. 

4.2.2  Tolyltriazole  Influences 

An  experiment  was  conducted  to  ensure  that  tolyltriazole,  at  high  concentrations, 
did  not  affect  the  probe  membrane.  Average  DO  uptake  rates  obtained  from  three 
microcosms  containing  no  tolyltriazole  and  three  microcosms  containing  1000  ppm  were 
compared  to  determine  whether  or  not  a  statistical  difference  existed.  The  experiment 
covered  the  same  time  period  as  the  toxicity  experiments.  The  results  show  that  the 
presence  of  tolyltriazole  has  no  statistically  significant  influence  at  a  0.05  level  of 
significance  on  the  membrane.  Reference  Appendix  D  for  experimental  data  and 
statistical  procedures. 

4.3  Microorganism  Identification  Lab  Results 

Lab  results  do  not  correspond  with  the  results  found  during  the  initial 
classification  efforts.  According  to  the  reports  it  is  apparent  that  the  microorganisms 
were  not  Gram-negative  as  originally  thought.  The  lab  results  also  indicate  that  the  shape 
of  the  microorganisms  is  different  than  originally  thought.  According  to  the  Microcheck, 
INC.  results  the  Saturn  and  Mars  microorganisms  were  both  rod  shaped.  The  final 
interesting  finding  is  that  the  microbial  colonies:  Saturn,  Mars  and  Bacillus,  originally 
thought  to  be  isolated  were  actually  a  consortia  of  microorganisms.  Table  9  summarizes 
the  results  that  can  be  found  in  Appendix  A.  Each  lab  uses  a  different  identification 
procedure  and  for  that  reason  may  come  up  with  different  species  and  /  or  genus.  The 
identification  processes  are  highly  variable.  The  labs  report  the  most  likely  genus  and 
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species,  based  on  their  identification  procedure.  Had  two  cultures  been  identified  as  the 
same,  they  would  not  necessarily  behave  in  the  same  manner.  The  presence  of  other 
organisms  may  influence  the  behavior  of  the  predominant  species. 


Table  9.  Microbial  Analysis  -  Summary 


Culture 

Laboratory  /  Method 

Microbial  Insights 

MIDI  Labs  /  16S  rDNA 

Microcheck  /  Fatty  Acids 

Saturn 

-Streptococcus  macrosporus 
-Microbacterium  sp. 

-Arthtrobacter  crystallopoietes 

-Bacillus  disposauri 
-Arthrobacter  protophormiae 
- Corynebacterium  aquaticum 

Bacillus 

-Bacillus  thuringiensis 

- Bacillus  cereus 

-Bacillus  cereus 
- Bacillus  mycoides 

Mars 

-Staphlococcus  warneri 
-Bacillus  -  like 
-Bacillus  -  like 
-Clostridium  sp. 

-Microbacterium  chocolatum 
-Staphylococcus  warneri 

-Bacillus  disposauri 
-Cellulomonas  turbata 

4.4  Toxicity  Analysis  of  Tolyltriazole  on  DO  Consumption 

The  statistical  tests  were  chosen  in  order  to  determine  if  a  significant  difference 
existed  between  the  DO  uptake  rates  at  each  concentration  and  that  of  the  control  (0 
ppm).  Visual  analysis  of  the  data  indicated  whether  or  not  the  data  followed  expected 
trends. 

Graphs  of  DO  uptake  rates  were  created  using  each  microbial  population’s  data  to 
visually  inspect  for  trends  or  differences.  Graphs  of  the  DO  rate  at  each  tolyltriazole 
concentration  were  generated  using  the  following  method.  The  DO  concentration  at  the 
beginning  and  end  of  a  nine-minute  period  was  recorded.  The  rate  was  calculated  by 
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taking  the  difference  of  the  two  recorded  values  and  dividing  by  the  time  period  (9 
minutes)  as  shown  in  the  equation  below: 

DOuptakeRate  = 

9  mm 

The  calculation  was  performed  for  each  nine-minute  interval  for  which  data  existed. 

Data  was  recorded  to  provide  seven  nine-minute  time  intervals.  Initial  evaluation  of  the 
graphs  of  each  microbial  population’s  DO  uptake  rate  indicates  that  the  microorganisms 
react  differently  when  exposed  to  various  concentrations  of  tolyltriazole. 

An  ANOVA  was  used  to  determine  if  significant  statistical  differences  existed 
between  the  means  indicating  a  need  for  further  analysis.  The  Dunnett’s  comparison  was 
used  to  determine  if  significant  differences  existed  between  the  DO  consumption  rate  of 
unexposed  microorganisms  (0  ppm)  and  the  DO  consumption  rate  of  the  microorganisms 
exposed  to  various  tolyltriazole  concentrations  (50, 100,  500,  and  1000  ppm). 

4.4.1  ANOVA  Test  Results 

The  ANOVA  analysis  was  performed  using  the  statistical  program  JMP®.  A  P- 
value  was  found  for  each  time  interval  and  based  on  the  P-value  it  was  determined 
whether  or  not  further  statistical  analysis  was  required.  A  P-value  less  than  the  a  value 
results  in  rejection  of  the  null  hypothesis,  stating  that  no  statistical  difference  exists,  and 
is  denoted  with  a  Y.  A  P-value  grater  than  the  a  value  prevents  rejection  of  the  null 
hypothesis,  stating  that  a  statistical  difference  does  not  exist,  and  is  denoted  with  an  N. 
Further  statistical  testing  was  only  required  for  the  intervals  denoted  with  a  Y,  indicating 
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a  significant  difference  existed,  however  Dunnett’s  comparison  was  performed  on  all 
points  for  a  more  detailed  analysis.  Reference  Appendix  E  for  actual  P-values. 


Table  10.  Summary  of  ANOYA  Results 


Micro¬ 

organism 


Saturn 


Time  Interval 


Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

N 

N 

•  N  . 

Y 

4.4.2  Saturn  Evaluation 


An  experiment  using  the  Saturn  microorganism  was  conducted.  A  graph  of  the 
average  DO  uptake  rates  is  shown  in  Figure  5.  All  DO  uptake  rate  points  are  an  average 
of  three  microcosms.  See  Appendix  F  for  actual  DO  uptake  rate  values  for  each 
microcosm,  the  average  DO  uptake  rate,  and  the  sample  standard  deviation. 


Figure  5.  Saturn  DO  Consumption  Rate 


Visually  it  appears  that  there  is  no  significant  difference  between  the  0  ppm 
(control),  50  ppm,  and  100  ppm  microcosms.  The  500  ppm  and  1000  ppm  average  rates 
are  lower  than  the  others  indicating  that  some  inhibition  has  occurred.  Whether  the 
tolyltriazole  killed  microorganisms  or  merely  prevented  them  from  replicating  cannot  be 
determined  using  the  current  methodology.  The  de-ionized  water  line  indicates  that 
oxygen  entering  the  experimental  set-up  was  negligible. 

In  order  to  verify  that  the  inoculum  was  well  mixed,  three  20  mL  samples  were 
taken,  filtered  and  the  dry  weight  recorded.  A  well-mixed  sample  would  result  in  dry 
weight  values  having  a  small  standard  deviation.  Three  replicates  were  taken  and  the 
average  and  standard  deviation  were  calculated.  The  results  are  shown  in  the  table 
below.  The  small  standard  deviation  indicates  that  the  inoculum  was  well  mixed. 


Table  11.  Saturn  Dry  Weights 


Keplicate 

# 

wt  Atter 
Drying 
(g/L) 

Wt  Atter  “ 
Burn 
(g/L) 

- OTFoT - 

Organics 

(g/L) 

"  WFoT  “ 

Organics 
(mg/L) 

- T - 

0.1150 

2 

83.1550 

83.2400 

0.0850 

85.0000 

3 

82.4000 

82.4950 

0.0950 

95.0000 

Average 

Standard  Dev 

0.0153 

15.2753  1 

The  ANOVA  indicated  that  statistical  differences  existed  among  the  means  in  all 
time  intervals.  Confirmation  that  the  experimental  means  differ  from  the  control  mean  is 
provided  by  the  results  of  the  Dunnetf  s  analysis.  A  summary  of  the  Dunnetf  s 


comparison  findings  is  shown  in  the  table  below,  where  N  indicates  there  is  no  significant 
difference  from  the  control  (0  ppm),  and  Y  indicates  a  significant  difference. 
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Table  12.  Saturn  Dunnett’s  Comparison  Summary 


Time 

Interval 

Tolyltriazole  Concentration  | 

50  ppm 

100  ppm  |  500  ppm 

1000  ppm 

1 

N 

Y 

Y 

Y 

2 

N 

N 

Y 

Y 

3 

N 

N 

Y 

Y 

4 

N 

N 

Y 

Y 

5 

N 

N 

Y 

Y 

6 

N 

N 

Y 

Y  j 

7 

N 

N 

i  N  I  Y  | 

Reference  Appendix  G  for  actual  Saturn  Dunnett’s  results  including  the 
comparison  circles  and  the  numerical  difference  between  the  difference  of  the  two  tested 
means  and  the  critical  difference. 

4.4.3  Bacillus  Evaluation 

An  experiment  using  the  Bacillus  microorganism  was  conducted.  A  graph  of  the 
average  DO  uptake  rates  is  shown  in  Figure  6.  All  DO  uptake  rate  points  are  an  average 
of  three  microcosms.  See  Appendix  H  for  actual  DO  uptake  rate  values  for  each 
microcosm,  the  average  DO  uptake  rate,  and  the  sample  standard  deviation. 

The  data  for  this  microorganism  does  not  follow  any  obvious  trend.  While  the 
average  DO  uptake  rate  is  lower  for  1000  ppm,  not  all  of  the  data  points  are  consistent. 
One  point  of  interest  is  the  fact  that  the  average  of  the  DO  consumption  within  the  500 
ppm  microcosms  had  the  greatest  average  DO  uptake  rate.  As  with  the  Saturn 
microorganism  the  average  DO  uptake  rates  for  the  0  ppm,  50  ppm,  and  the  100  ppm 
microcosms  do  not  appear  to  be  different.  The  inclusion  of  the  de-ionized  water  DO 
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uptake  rate  shows  that  the  oxygen  entering  the  microcosms  throughout  the  experiment 
was  negligible. 
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Figure  6.  Bacillus  DO  Consumption  Rate 


In  order  to  verify  that  the  inoculum  was  well  mixed  three  20  mL  samples  were 
taken,  filtered,  dried  and  the  dry  weight  recorded.  A  well-mixed  sample  would  result  in  a 
small  standard  deviation.  Three  replicates  were  taken  and  the  average  and  standard 
deviation  were  calculated.  The  results  are  shown  in  the  table  below.  The  small  standard 
deviation  indicates  that  the  inoculum  was  well  mixed. 


Table  13.  Bacillus  Dry  Weights 


- Wt  After - 

Drying 

(g/L) 

- Wt  After - 

Burn 

(g/L) 

- WFot - 

Organics 

(g/L) 

- TOFot 

Organics 

(mg/L) 

1  1 

83.1150 

83.2750 

0.1600 

160.0000 

82.4700 

82.6400 

0.1700 

170.0000 

0.0236 

23.6291  | 
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The  ANOVA  indicated  that  statistical  differences  existed  among  the  means  within 
all  the  time  intervals.  Confirmation  that  the  experimental  means  differ  from  the  control 
mean  is  provided  by  the  results  of  the  Dunnett’s  comparison.  The  inconsistency  of  the 
data  is  further  supported  by  the  Dunnett’s  results.  Differences  from  the  control  were  not 
consistent  for  any  set  of  data.  Overarching  conclusions  on  each  concentration  were 
difficult  to  make  because  of  the  inconsistency,  however  point-to-point  comparisons  are 
summarized  below.  A  summary  of  the  Dunnetf  s  comparison  findings  is  shown  in  the 
table  below,  where  N  indicates  there  is  no  significant  difference  from  the  control  (0  ppm), 
and  Y  indicates  a  significant  difference 


Table  14.  Bacillus  Dunnetf  s  Comparison  Results 


Time 

Interval 

Tolyltriazole  Concentration  | 

50  ppm 

100  ppm 

500  ppm 

1000  ppm 

__ 

N 

ISI 

N 

N 

2 

N 

N 

N 

Y 

3 

N 

N 

Y 

Y 

4 

N 

N 

N 

Y 

5 

N 

N 

Y 

Y 

6 

N 

N 

Y 

N 

7 

N 

N 

N 

Y 

Reference  Appendix  I  for  actual  Bacillus  Dunnett’s  comparison  data  including  the 
comparison  circles  and  the  numerical  difference  between  the  difference  of  the  two  tested 
means  and  the  critical  difference. 

4.4.4  Mars  Evaluation 

An  experiment  using  the  Mars  microorganism  was  conducted.  A  graph  of  the 
average  DO  uptake  rates  is  shown  in  Figure  7.  All  DO  uptake  rate  points  are  an  average 
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of  three  microcosms.  See  Appendix  J  for  actual  DO  uptake  rate  values  for  each 
microcosm,  the  average  DO  uptake  rate,  and  the  sample  standard  deviation. 


Figure  7.  Mars  DO  Consumption  Rate 

The  average  DO  consumption  rates  graphed  in  Figure  7  show  no  impact  on  the 

microorganisms  as  a  result  of  the  increasing  tolyltriazole  concentrations.  Visually  there 
appears  to  be  no  difference  on  the  microorganism’s  capability  to  consume  oxygen 
between  the  different  concentrations.  The  inclusion  of  the  de-ionized  water  DO  uptake 
rate  shows  that  the  oxygen  entering  the  microcosms  throughout  the  experiment  was 
negligible. 

In  order  to  verify  that  the  inoculum  was  well  mixed  three  20  mL  samples  were 
taken,  filtered  and  the  dry  weight  recorded.  A  well-mixed  sample  would  result  in  a  small 
standard  deviation.  Three  replicates  were  taken  and  the  average  and  standard  deviation 
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were  calculated.  The  results  are  shown  in  the  table  below.  The  small  standard  deviation 
indicates  that  the  inoculum  was  well  mixed. 


Table  15.  Mars  Dry  Weights 


■Replicate 

# 

- Wt  After - 

Drying 

(g/L) 

- Wt  After - 

Burn 

(g/L) 

- TOFoT - 

Organics 

(g/L) 

***JSSb 

■BJcEiiiiiHH 

82.3250 

82.4450 

^4ffl 

120.0000 

■■ 

83.1600 

83.3050 

145.0000 

Average 

Standard  Dev 

0.0161 

|  16.0728  | 

The  ANOVA  indicated  that  statistical  differences  existed  only  at  time  interval 


four.  The  Dunnett’s  comparison  was  performed  on  all  time  intervals,  providing  a  more 
detailed  analysis,  to  determine  if  any  of  the  experimental  means  differed  significantly 
from  that  of  the  control  mean.  The  results  of  the  Dunnett’s  comparison  are  presented  in 
the  table  below  and  show  that  no  statistical  differences  occur  between  any  of  the 
experimental  means  and  that  of  the  control  mean.  This  indicates  that  the  microorganism 
is  not  negatively  impacted  by  the  presence  of  tolyltriazole  at  the  concentrations  tested. 


Table  16.  Mars  Dunnett’s  Comparison  Results 


Time 

|  Tolyltriazole  Concentration 

Interval 

|  50  ppm  |  100  ppm  ||  500  ppm  |  1000  ppm 

|  1 

N 

N 

N 

N 

2 

N 

N 

N 

N 

3 

N 

N 

N 

N  I 

4 

N  1 

N 

N 

N 

5 

N 

N 

N 

N 

6 

N 

N 

N 

N 
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Reference  Appendix  K  for  Mars  Dunnett’s  comparison  results  including  the 
comparison  circles  and  the  numerical  difference  between  the  difference  of  the  two  tested 
means  and  the  critical  difference. 

4.5  Microorganism  Rate  Comparison 

A  visual  comparison  of  the  three  microorganism’s  control  rates  indicates  that 
there  is  a  difference  between  each  of  the  microorganisms.  To  ensure  that  the  rates  were 
standardized  to  some  common  factor,  each  was  normalized  to  mass  of  microorganism 
(MO).  The  chart  below  graphically  displays  each  microorganism’s  normalized  control 
DO  uptake  rate.  The  coccus  (Saturn  and  Mars)  cultures  had  DO  uptake  rates  that  were 
greater  than  that  of  the  rod-shaped  {Bacillus,  Jupiter,  and  Venus)  cultures. 
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Figure  8.  Normalized  Microorganism  Control  DO  Uptake  Rate 
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The  Jupiter  and  Venus  cultures  were  evaluated  by  Leonard  (2000).  The  same 
experimental  methods  and  evaluation  procedures  were  used  in  obtaining  the  DO 
consumption  rates. 

4.6  Microbial  Plate  Count  Toxicity  Test 

The  microbial  colony  count  test  used  diluted  samples  from  each  microcosm 
collected  at  the  end  of  each  experimental  run.  The  range  of  acceptable  number  of  CFUs 
to  constitute  a  valid  test,  as  described  in  Standard  Methods,  is  30  to  300.  Saturn  and 
Bacillus  resulted  in  a  number  of  colonies  that  was  too  great  to  count.  Mars,  even  though 
it  fell  outside  of  the  acceptable  range,  was  countable.  The  control  (0  ppm)  was  used  as 
the  baseline.  The  data  indicates  that  the  increasing  amounts  of  tolyltriazole  affected  the 
ability  of  the  microorganism  to  replicate;  an  increasing  concentration  resulted  in  a 
decreasing  number  of  colonies.  Experimental  counts  and  statistical  test  results  can  be 
seen  in  Appendix  L. 

A  Dunnett’s  comparison  of  the  plate  count  data  indicates  that  only  the  1000  ppm 
data  is  statistically  different  from  that  of  the  control.  While  1000  ppm  is  the  only 
comparison  resulting  in  a  statistical  difference,  the  trend  of  the  data  indicates  that  as  the 
concentration  increases  the  ability  of  the  microbial  population  to  replicate  decreases. 
Table  17  summarizes  the  colony  counts  as  normalized  to  the  control.  A  normalized  value 
greater  than  one  indicates  that  the  microbial  population  replicated  at  a  rate  greater  than 
the  control.  In  this  situation  the  normalized  rate  decreased  as  the  concentration  increased, 
indicating  that  the  ability  of  the  microorganisms  to  replicate  decreased  as  they  were 
exposed  to  higher  concentrations  of  tolyltriazole. 
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Table  17.  Mars  Normalized  Colony  Counts 


Concentration 

Normalized  Colony 
Count  Values 

u  ppm 

1.00 

50  ppm 

0.83 

100  ppm 

0.88 

500  ppm 

0.85 

1000  ppm 

0.62 

4.7  Potential  Sources  of  Error 

Several  potential  sources  of  error  exist.  Had  there  been  no  sources  of  error  the 
standard  deviation  associated  with  averaging  the  three  rates  would  be  zero.  For  this 
thesis  effort  the  standard  deviation  was  assumed  to  be  the  total  error  of  the  experiment. 
Some  of  the  error  includes  the  sensitivity  of  the  DO  probes,  the  scales,  and  the  glassware 
used  to  measure  liquid  volumes.  Precautions  were  taken  to  ensure  that  deviations  from 
the  standard  procedures  were  minimized  to  reduce  sources  of  error. 
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V.  Conclusions 


5.1  Conclusions 

The  objective  of  this  research  was  to  study  the  toxicity  of  tolyltriazole  on  different 
microorganisms.  Previous  studies  have  shown  tolyltriazole  to  be  moderately  toxic  at 
high  concentrations.  The  objective  was  to  expand  the  knowledge  base  using  isolated 
microorganisms  and  various  concentrations  of  tolyltriazole. 

A  methodology  was  derived  which  produced  reliable  and  consistent  results.  The 
methodology  was  easily  implemented  using  the  available  resources.  DO  concentration 
values,  the  required  data,  were  easily  obtainable. 

Three  isolated  microbial  cultures  were  exposed  to  different  concentrations  of 
tolyltriazole  and  the  DO  concentration  values  recorded.  Each  of  the  microorganisms 
reacted  differently  to  the  various  concentrations  of  tolyltriazole.  At  the  two  lowest 
concentrations,  50  and  100  ppm,  none  of  the  microorganisms  demonstrated  statistically 
significant  inhibition.  One  notable  exception  was  the  first  data  point  for  the  Saturn 
culture.  A  possible  explanation  is  that  the  initial  exposure  affected  the  microorganism, 
but  after  a  short  time  period,  the  microorganism  recovered  or  became  acclimated.  Data 
collected  by  Leonard  (2000)  on  rod  shaped  microorganisms  (Jupiter  and  Venus) 
concurred  with  the  results  found  in  this  thesis  effort,  no  inhibition  at  50  and  100  ppm. 

The  three  cultures  acted  differently  at  500  ppm.  Saturn  consumed  DO  at  a  lower 
rate,  indicating  inhibition.  Mars  showed  no  inhibition  due  to  the  tolyltriazole  exposure. 
Saturn  was  significantly  influenced  at  all  data  points  except  for  the  final  data  point.  The 
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reason  for  the  apparent  tolerance  at  the  final  data  point  is  not  known,  however  one 
possible  explanation  would  be  that  Saturn  became  acclimated  to  the  tolyltriazole. 

Bacillus,  on  the  other  hand,  had  mixed  results.  Three  of  the  seven  data  points  were 
significantly  different  from  the  control,  but  the  interesting  point  is  that  the  three  average 
DO  consumption  rates  are  greater  than  the  control.  Perhaps  the  tolyltriazole  acted  as  a 
stimulant,  increasing  the  rate  of  DO  uptake.  The  other  data  points  are  not  significantly 
greater.  Microbial  cultures  studied  by  Leonard  (2000)  showed  tolyltriazole  acted  as  a 
stimulant  at  500  ppm. 

At  1000  ppm  Saturn  and  Bacillus  were  inhibited,  however,  Mars  showed  no 
inhibition.  Saturn  showed  significant  inhibition  at  all  data  points.  Bacillus  DO 
consumption  rates  were  significantly  lower  at  all  but  two  data  points.  Leonard  s  (2000) 
studies  showed  microbial  inhibition  at  1000  ppm  on  the  Jupiter  and  Venus  cultures. 

It  appears  that  the  microorganisms  (Saturn  and  Bacillus)  are  impacted  at  high 
concentrations  (>  500  ppm).  Lower  concentrations  (<  500  ppm)  did  not  appear  to  inhibit 
microbial  activity. 

Useable  plate  count  data  was  only  obtained  from  the  microorganism  Mars.  Based 
on  the  results  of  this  test,  the  ability  of  the  microorganism  to  replicate  (form  CFUs)  was 
inhibited  as  the  exposure  to  tolyltriazole  increased.  The  data  was  normalized  to  the 
control  0  ppm  and  at  1000  ppm  the  normalized  number  of  CFUs  was  62%  of  the  control. 

The  two  microorganisms  originally  identified  as  Gram-negative  and  coccus  (Mars 
and  Saturn)  had  a  greater  DO  consumption  rate  than  the  Gram-positive  Bacillus  (rod¬ 
shaped).  Data  collected  by  Leonard  (2000)  on  Gram-negative  rod  shaped 
microorganisms  resulted  in  lower  DO  consumption  rates.  Gram-negative 
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microorganisms  tend  to  have  an  outer  membrane  that  acts  as  a  barrier  to  larger  molecules. 
Perhaps  the  membrane  was  capable  of  slowing  tolyltriazole’s  entrance  into  the  cell. 

5.2  Improvements 

Several  improvements  could  be  made  to  ensure  more  consistent  results.  With  the 
existing  methodology,  slight  modifications  and  equipment  upgrades  would  significantly 
improve  the  quality  of  the  results. 

5.2.1  Microorganism  Cultivation 

The  use  of  a  more  consistent  microorganism  cultivation  process  would  be  the 
most  beneficial  improvement.  Several  of  the  inconsistencies  are  a  result  of  the  changing 
concentration  of  microorganisms  placed  into  the  growth  solution.  The  use  of  a 
continuous  bioreactor  would  have  greatly  improved  the  ability  of  to  keep  the  number  of 
microorganisms  constant  from  experiment  to  experiment.  The  bioreator  supplies  a 
constant  amount  of  food  and  removes  a  constant  amount  of  microorganisms  to  maintain 
an  environment  of  steady  growth.  The  use  of  a  bioreactor  may  also  decrease  the 
possibility  of  contaminating  a  pure  culture. 

5.2.2  Equipment  Upgrades 

The  equipment  used,  especially  the  DO  probes,  was  not  best  suited  for  the 
methodology  decided  upon.  An  automated  recorder  would  enhance  the  process  by 
allowing  an  increased  number  of  experiments  to  be  run  for  longer  time  periods.  The 
number  of  errors  in  the  recorded  data  would  be  reduced.  A  built  in  timer  could  be  set  to 
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ensure  readings  were  consistently  taken  at  the  right  interval,  also  preventing  the 
possibility  of  missed  readings. 

5.3  Follow-on  Research 

Several  potential  research  ideas  came  up  throughout  the  duration  of  the 
experiment. 

5.3.1  Increase  the  Range  of  Tolyltriazole  Tested 

Based  on  the  data  generated  during  this  thesis  effort,  the  50  ppm  and  even  the  100 
ppm  microcosms  could  be  eliminated  and  the  focus  shifted  to  higher  concentrations. 
Little  impact  was  observed  at  the  low  concentrations.  A  more  focused  effort  to  look  at 
the  effect  of  concentrations  between  100  and  500  ppm  should  be  undertaken.  Based  on 
the  generated  data,  the  DO  consumption  decreased  at  the  500  ppm  and  not  the  100  ppm 
indicating  that  the  on  set  of  toxicity  occurs  between  the  two  concentrations. 

5.3.2  Determine  Residual  Tolyltriazole  Concentrations 

A  possible  area  of  focus  is  on  the  tolyltriazole  remaining  in  the  microcosm  after 
the  experiment  has  been  run.  Perhaps  the  microorganisms  are  capable  of  degrading 
tolyltriazole  to  a  certain  degree  even  if  the  tolyltriazole  initially  inhibits  microbial 
activity.  In  addition,  one  could  determine  if  acclimation  time  has  any  influence  on  the 
microorganism’s  ability  to  degrade  tolyltriazole  or  recover  from  initial  inhibition. 

5.3.3  Use  of  Luminescence 

Luminescence  studies  are  useful  in  determining  the  mechanism  of  toxicity, 
whether  the  chemical  penetrates  the  microorganism  or  acts  on  the  cell’s  surface.  The 
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microorganisms  will  luminescence  to  a  certain  degree  on  their  own.  The  degree  of 
luminescence  may  or  may  not  change  upon  exposure  to  tolyltriazole.  Any  noted 
difference,  either  an  increase  or  decrease,  could  be  used  to  focus  on  possible  mechanisms 
of  toxicity.  The  change  in  luminescence  may  prove  to  be  a  more  accurate  measure  of 
toxicity. 
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Appendix  A:  Microorganism  Identification  Results 

Microcheck,  INC.  Laboratory  Analysis  Results 


atu/eimv  wcnocnocK  naport  tor:  Ur.  Charles  8iec$<mann  Page:  2 


LINE 

NO. 

SAMPLE 

ID  LABEL 

V 

MICROORGANISM  IDENTIFICATION 

SI/SD 

TYPE 

MEDIA 

CONFIRM 

TEST 

LAB  | 

COMMENTS 

\m 

wm 

1 

1 

f 

Saturn 

1 

Bacillus  cereus  GC  subgroup  8 

MIXED  CULTURE: 

!  see  lines  la,  ?b*  1c  below 

0.463 

B 

TS8A 

d^eranl  ootcry  i 

i  altecr  an.ityssr.  | 

la 

Saturn.  1 
(large  cream 
colony) 

✓ 

Bacillus  & apssauti 

0.747 

B 

TSBA 

lb 

Satum.2 
(small  yellow 
colony) 

✓i 

Arthrobacter  prolcptomme{fa<riosti'S 
PamibadUus  poiymyxa 

Bacillus  megat&fitm  GC  subgroup  B 

0.713 

0.696 

0,594 

8 

TSBA 

GPR  and 

cocco* 

bacilli 

COT  $!&*/> 

rcjsJt  snppsrts 

tosntiScaiion 

1 

Saium.3 
(small  gray 
colony} 

✓ 

Corynehacterium  aquaiicum 

0.662 

B 

CUN 

1 

<kxJ  q\  fiasufes. 

TulJte 

2 

Venus 

1 

Xaflthomm2$axmop0tfi$  vitfens 

MIXED  CULTURE: 

see  lines  2a,  2b  below 

0.02S 

B 

TSBA 

ditfe'cni  ca. Co/ 

aftesr  annte&J 

2a 

Venus,  t 
(opaque 
colony) 

■/ 

Bacillus  ccagutens 

6  350  j 

B 

TSBA 

2b 

Venus.  2 

{translucent 

colony) 

1 

Nestereokooia  BafoBia 

Houma  vamns 

MJcrcbacteriom  teeticum 

0.633 

0.497 

0,332 

TS- 

TSBA 

GPR 

BupptJrta  nuufted 
(1)  FAME 
bamHoatlcn 

■Hi 

m 

3 

Mars 

i 

Bacillus  cereus  GC  subgroup  B 

MIXED  CULTURE:  • 

see  lines  3a,  3b  below 

0.682 

.8 

TSBA 

o  hcrc^r:  eolerty 
tyruas. 

aflat 

3a 

Mars.l 
{large  cream 
colony) 

Bacillus  disposauri 

0.719 

L-- 

TSBA 

62 


company;  am  lytNV  Micmcheck  Heport  tors:  Of,  Charles  fifac&mann  Page;  3 


LINE 

NO. 

SAMPLE 

©LABEL 

s 

microorganism  identification 

SI  /  SO 

TYPE 

MEDIA. 

CONFIRM 

TEST 

■■SBBi 

3b 

Ma?s.2 
(small  yeflcrw 
colony) 

\ 

Nesterenkonia  halcbia 

CeflvlomQrtas  tor  bate 

Kocum  v$rkft$ 

■'  /  :  ' 

H 

B 

TSBA 

GPR  and 

cooco* 

bacilli 

m.f 

supports  ma^ 

0)  FANE 

...  . 

B 

1 

Jupiter 

.✓ 

EaciiVus  cereu$  GC  subgroup  A 

0.678 

8 

TSBA 

5 

\ 

1 

Bacillus  cereus  QC  subgroup  A 

MIXED  CULTURE; 

see  lines  5a,  5b  below 

0.891 

a 

.  TSBA 

<i calory 
jippareef! 

|  ater  analyst 

5a 

✓  j 

Bacntos  cereus  GC  subgroup  6 

0.601 

B 

TS8A 

5b 

1.2 

(irregular 

colony) 

✓ 

Bad', 'us  mycoides  GC  subgroup  B 

0.406 

B 

TSBA 

Lab  Notes: 

line  No,  1  c •  The  fatly  add  prole  of  isolate  SaUim.3  was  compared  to  Corynebactohdro  acpafeir??,  a  Gram  positive  rod 
which  can  be  readily  identified  from  growth  on  blocd  agar,  and  Legtort&te  btmmm,  a  Gram  negative  rod  which  requires 
buffered  charcoal* yeast  extract  (SCYE)  agar  for  growth.  Since  these  organisms  were  grown  on  blood  agar  at  3$“C  for  one 
day  Carynebscterium  aqvatkum  represents  a  much  better  choice  for  the  identity  of  this  isolate, 

For  your  benefit,  please  find  a  brief  description  of  our  METHODOLOGY,  an  interpretation  of  the  SIMILARITY  INDEX,  an 
explanation  of  the  COMPARISON  CHART,  the  rationale  for  Gram  staining  (GRAM  STAIN),  spore  staining  (SPORE 
STAIN)  and  how  fungi  fFUNGO  are  identified  in  our  laboratory  in  the  six  paragraphs  below. 

METHODOLOGY  -  The  microbial  identification  systems  at  MICROCHECK  consist  of  gas  chromatographs  with  flame  ion¬ 
ization  detectors,  autosamplers,  integrators,  and  computers.  The  identification  systems  use  five  percent  methyl  phenyl 
silicone  capillary  columns.  Retention  time  (RT)  stability  to  1**0  thousandths  of  a  minute  permits  automation  of  the  fatty  acid 
methyl  ester  (FAME)  peak  naming;  Prior  to  commencing  analyses,  there  are  2  m icrotiter  injections  of  commercial  calibra¬ 
tion  standards  into  the  gas  chromatographs.  Besides  calibration  prior  to  each  new  method  the  gas  chromatographs  are 
also  recalibrated  every  SO  samples,  Once  the  systems  have  been  calibrated  and  are  operational,  the  autosamplers  Inject 
the  cellular  fatty  add  extracts.  The  Integrators  process  the  chromatographic  data  and  send  the  data  to  the  computers.-  The 
computers  name  the  FAME  peaks  and  compare  the  tatty  acid  profiles  of  the  unknown  organisms  to  the  profiles  of  the 
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7000  strains  in  the  databases.  The  comparison  of  the  fatty  acid  profile  of  an  unknown  to  those  in  the  databases  Is  ac¬ 
complished  through  use  of  software  which  uses  covariance  matrix,  principal  component  analysis,  and  pattern  recognition. 
Due  to  the  large  number  of  fatty  acids  produced  fey  aerobic  and  anaerobic  bacteria,  yeast,  and  sctinomycetes  and  the 
uniqueness  of  one  pattern  for  a  given  taxon,  the  identification  is  very  accurate.  In  addition  to  the  internal  standardization 
with  the  calibration  fluid,  an  external  control,  Stenotropbomonas  matU&hilfe,  is  also  used-  This  bacterium,  which  has  23 
fatty  add  peaks,  is  processed  daily  from  the  streak  p&tes  with  the  client  unknowns. 

SIMILARITY  INDEX  -  On  the  computer  phnfoutihe  similarity  Indices  (SI}  appear  betw  the  printout  of  the  fatty  acid  com¬ 
position  and  above  the  comparison  chart  in  which  the  fatty  acids  of  an  unknown  microorganism  are  compared  to  those  of 
m  reference  strains.  The  SI  value  Is  the  number  following  the  species  name  (and  often  subspecies  or  pathovar  name)  of 
the  library  entry  to  which  the  unknown  is  compared.  The  SI  value  is  unrelated  to  probability  ratios  and  although  the  values 
range  from  0,001  to  0.999  it  Is  not  a  percentage.  The  $1  Is  a  numerical  value  which  expresses  how  closely  the  fatty  add 
composition  of  an  unknown  corresponds  to  the  fatty  acids  of  the  strains  used  to  generate  the  library  entry.  Each  library 
entry'  represents  the  profiles  of  at  least  15  different  microbial  strains  from  both  clinical  and  environmental  sources,  ff  a  par¬ 
ticular  fatty  add  departs  slightly  from  the  mean  of  the  library  entry  either  m  RT  or  percentage  the  SI  drops  from  an  initial 
value  of  1 .00.  A  SI  of  Q.6CO  to  0.999  is  an  excellent  match,  as  well  as  a  single  match  comparison  (no  other  matches  listed) 
of  Q.SCO  and  higher.  For  SI  between  0.100  and  0.500  the  species  of  the  unknown  may  not  fee  in  the  current  version  of  the 
database  but  the  genus  Is  probably  correct  and  for  SI  belowO.lOO  the  genus  of  the  unknown  is  also  questionable,  A  NO 
MATCH  indicstestbere  are  no  close  comparisons  io  the  7000  strains  in  the  databases.  The  value  of  the  comparison  Is  ex¬ 
pressed  in  standard  deviations  (SD)  from  the  mean  of  the  strains  used  to  generate  this  distantly  related  database  entry, 
Infrequently  art  organism  cannot  be  compared  to  any  entry  In  the  databases.  This  also  results  in  a  NO  MATCH  but  there  is 
not  a  SD  measurement. 

COMPARISON  CHART  *  The  comparison  chart  is  below  the  results  of  the  library  search  on  the  computer  printout  The 
name  cf  the  library  entry  to  which  the  unknown  is  compared  is  in  the  upper  left  hand  corner  of  the  chart.  In  the  upper  right 
hand  corner  of  the  chart  is  the  SD  that  the  unknown  is  from  the  mean  of  the  strains  used  to  generate  the  library  entry.  In 
the  chart  the  represent  the  percentage  of  each  fatty  acid  from  the  unknown,  the  -’s  represent  the  range  of  percentages 
for  the  library  entry  strains,  the  r  s  represent  the  mean  percentage  for  the  library  entry  strains,  and  the  *s  represent  peak 
matches  of  the  fatty  acids  of  the  unknown  with  the  mean  of  the  library  entry. 

GRAM  STAIN  -  A  Gram  stain  is  done  on  an  Isolate  that  is  compared  to  database  entries  with  similarity  indices  that  are 
within  0.300  of  each  other  if  the  cellular  morphologies  of  the  database  entries  are  different,  that  has  a  similarity  index  less 
than  0*1 00,  or  that  is  a  NO  MATCH  to  any  of  the  database  entries  to  determine  If  the  morphology  of  the  Isolate  is  oonste* 
tent  with  that  of  the  comparison. 

SPORE  STAIN  -  A  spore  stern  is  done,  rather  than  a  Gram  stain,  if  the  fatty  acid  profile  of  m  isolate  is  compared  to 
database  entries  v4te  similarity  indices  that  are  within  0.300  of  each  other  and  at  least  two  of  these  comparisons  are  G+ 
reds,  one  of  which  forms  endospores, 

FUNGI  -  Fung!  are  subcuitured  on  plugs  of  potato  flake  agar  (PFA)  under  covcrslips  on  separate  plates  of  potato  dextrose 
agar  {PDA)  and  on  separate  plates  of  phosphate  glucose  agar  (PGA).  Following  Incubation  at  2S*C  the  organisms  are  ex¬ 
amined  microscopically  and  identified  using  several  keys  to  the  fungi.  Fungi  do  not  have  a  SI  /  SD  because  they  are  not 
identified  by  FAME  analysis. 

ResuHs  represent  enh*  me  sample®  fcs  received.  Man&Wz&  4a ta  and  reports  are  client  oonfedemlal  and  available  of%  to. the  client  AuJhcrisaUbn  for 
publication  erf  excerpts,  statements,  ct  eanclisiksfts  regarding  qyr  reperts  is  reserved  pending  written  approve  from 

Mfcrocheck,  Inc. 
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FAME  Automated  fatty  acid  methyl  ester  (FAME)  analyst  by  gas  liquid  chromatography  for  identification  of 
ANALYSIS  aerabto  and  anaerobic  bacteria,  yeast.  and  actinomycates. 

*/  a  checks  mark  next  to  a  microorganism  name  indicates  an  excellent  FAM E  match  (See  $!  and  SO) 

The  Similarity  Index  (SI)  Is  a  value  between  0.00!  and  0-999  which  expresses  the  FAME  similarity 
between  the  unknown  isolate  end  the  database  match. 

0.500  to  0-999  excellent  match  tor  genus  and  species 

0.300  to  0.999  excellent  for  a  single  match  to  genus  and  species : 

0.100  to  0^300  good  matdi  tor  gonusi  ^  :  ^ 

o.ooi  to  0.090  weak  match  tor  genus  tf  v  • 

MO  M  ATCH  A  no  match  analysis  occurs  when  the  unknown  isolate  has  no  close  comparisons  m  the  database. 

SD  The  Standard  Devfatton  (SD)  value  is  listed  tor  a  NO  match  analysis.  The  SD  is  a  mathematical 
expression  of  the  distance  between  the  fatty  ackl  profile  of  the  unknown  and  the  mean  protie  of  Hie 
closes  t  database  entry.  A  no  match  wilh  no  SD  indicates  that  the  microorganism  was  not  even 
distantly  resated  to  any  of  the  2>000  entries  in  the  databases. 

Microorganism  TYPE  :  ■  v 

acfinomyceie  PAN  facultative  anaerobe 

anaerobic  bacterium  M  mycobacterium 

aerobic  bacterium  TB  thermophilic  bacterium 

fungus  Y  yeast 

Parentheses  (  )  around  an  entry  In  the  TYPE  column  indicates  that  the  microorganism  was  a  different 
type  than  listed  en  the  Test  Request  Form. 

The  subculture  MEDIA  used  by  cur  laboratory  to  grow  microorganisms. 

brain  heart  infusion  blood  agar  RYOT  pepione-yeasbgfucpse  broth  w/  Tween  80 

blood  agar  R2A  defined  minimal  nutrient  agar 

Middlehrook  TRIO  agar  SDA  Sabouraud  dextrose  agar 

MRS  Lactobacillus  agar  T5B  frypfcicase  soy  hrcih 

potato  dextrose  agar,  and  phosphate  glucose  agar  TSBA  trypticase  soy  broth  agar 
peptone-yeasbglucose  broth 

Parentheses  (  )  around  an  entry  in  the  media  column  Indicates  that  growth  of  the  microorganism  on 
this  medium  was  Insufficient  for  analysis. 


CONFIRM  CONFIRMATION  TESTING  is  done  on  an  isolate  whose  FAME  analysis  result  Is  inconclusive. 
TEST  '  .  v5  V>>;!‘V;V 

1  a  stain  2  *  ceagutese  test  3 -oxidase  test  4  -  API  20E  test 


CONFIRM  GPR 

Gram  positive  reds 

GPC 

Gram  positive  cocci 

TEST  GNR 

Gram  negative  rods 

GNC 

Gram  negative  ococi 

Results  gvr 

Gram  variable  rods : 

eoagV 

ccagutase  positive 

coag’ 

coagutes©  negative 

ox* 

oxidase  positive 

ox" 

oxidase  negative 

API  20E  Metabolic  characterization  which  is  done  to  confirm  FAME  results  for  members  of  the 
family  Ent^obacteriacaao.  API  20E  results  often  provides  a  more  reliable  identification 
than  FAME  analysis  because  this  group  of  microorganisms  is  very  simitar  ui  their  FAME. 

We  encourage  you  to  can  our  Technical  Manager  with  any  questions  >w  may  have  about  Ore  analyses  or  (he  results: 

Dr.  Mike  Sinclair*  $02/466-6600  @  ext22 


MEDIA 
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CUN 
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Microbial  Insights  Laboratory  Analysis  Results 


afit/env 

Molecular  Analysis  via  16S  rDNA-DGGE 
January  11,2000 


SUMMARY 


The  bacterial  communities  from  3  cultures  from  soils  were  characterized  by  denammg  gra  *  8 

electrophoresis  (DGGE),  Results  from  the DNAprofiles  revededboth^ 

composition.  All  of  the  dominant  bands  excised  from  these  samples  fell  Witku  the  Gram pasiu>cph>htm. 
Several  bands  fB,  C,  D,  and  L)  appeared  W  be  present  within  more  (but  one  sample,  Jdentrticauon  ot 
individual  bands  are  found  in  Tabic  1. 


OVERVIEW: 


The  denaturing  gradient  gel  electrophoresis  (DGGE)  approach  directly  determines  the  species  composition 
of  complex  microbial  populations  based  on  the  amplification  of  16$  rDNA  fragments  m  polpcrykmudc  gek 
containing  a  linearity-increasing  gradient  of  denaturanis.  DNA 

different  base-pair  sequences  are  separated  based  onchetr  melting  behavior  m  an  poly  acry  lamide  gd.  I  . 
banding  patterns  and  relative  intensities  of  the  recovered  bands  provide  a  mwurc  of  changes  in  the 
communL.  Domimmc  species,  which  compore  at  1^ 

the  background  level  of  minor  bacterial  amplification  products,  can  be  excised  and  spqwa*??  ’  ' 

sequence  analysis  of  individual  bands  are  used  to  infer  the  identity'  of  the  source  organisms  based  upon 
database  searches  and  phylogfcuette  methods  (1-4)- 


METHODS  \ 

^^“mXX-dLj.vep^olkon  icebith.DNA  waspdSeustby  <-«,trifc^an,  ^bdwiib  85% 

bSS  m  a  constant  lempekutc  t l  TAB  buffer.  Gradients  we  formed  between  20-$i  deoaturaoM  wills  foe  gels  staged  in 

^iajgasxrsBPSssssss^s 

facility  of  ito  National  Center  jqrBicuKtmoia&v  uuonnanm  J  ™*uur.  if 
die  lUfeosomal  Database  Project  <h«pj//V  w.cni«.ijLsis.cdu/RDl  ( *n*ly**.ht  jat). 
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RESULTS 


Nip* 


Midi  Labs  Laboratory  Analysis  Results 


Enclosed  are  your  sample  results,  including  1 6$  rRNA  gene  alignment  profiles  and 
phylogenetic  tree  displays. 

The  bacterial  identifications  assigned  in  this  report  are  based  on  -1-6S  rRNA  gene 
sequence  similarity.  Sequences  analysis  was  preformed  using  PE  Applied  Biosystem’s 
MlcroSeq™  microbial  analysis  software  and  database.  The  top  ten  alignment  matches  are 
presented  in  a  percent  genetic  distance  format*  In  this  format  a  low  percent  indicates  a 
close  match. 

Also  provided  with  the  report  are  neighbor  joining  (Saitou  and  NeL  Mol.  BioL  Evol. 
4{4):406‘425f  19$7)  phylogenetic  trees,  The  trees  are  generated  using  the  top  ten 
alignment  matches. 

Concise  alignments  are  also  included.  These  illustrate  positions  that  differ  between  your 
sample  and  die  first  match  in  the  database.  The  position  of  the  mismatch  is  read 
vertically  from  top  to  bottom  and  the  sequences  are  read  horizontally  from  left  to  right. 

The  results  provided  in  this  report  arc  intended  for  research  use  only  and  will  be  kept 
confidential.  ^  . 


The  protocol  used  to  generate  the  1 6S  rRNA  gene  sequence  data  i$  as  follows: 

The  16 S  rRNA  gene  was.  PCR  amplified  from  genomic  DNA  isolated  from  bacterial 
colonies.  Primers  used  for  the.  amplification  correspond  to  E.  eofj  positions  005  and  1540 
(full  length  packages)  md  005  and  53 1  (500  bp  packages).  Amplification  products  were 
purified  from  excess  primers  and  dNTPs  using  Microcon  100  (Amicqn)  molecular  weight 
cut-off  membranes  and  checked  for  quality  and  quantity  by  running  a  portion  of  the 
products  on  an  agarose  gel. 

Cycle  sequencing  of  the  1 6S  rRNA  amplification  products  was  carried  out  using 
AmpHTaq  F S  DNA  polymerase  and  dRhodamine  dye  terminators.  Excess  dyc-lubclcd 
terminators  were  removed  from  the  sequencing  reactions  using  a  Scphadcx  G-50  spin 
column.  The  products  were  collected  byccntrifugatiom  dried  under  vacuum  and  frozen  at 
-20  aC  until  ready  io  load-  Samples  were  resuspended  in  a  solution  of  formamidc/  blue 
dextran/  EDTA  and  denatured  prior  to  loading.  The  samples  were  dectrophoresed  on  a 
AJBI  Prism  377  DNA  Sequencer,  Data  was  analyzed  using  PE/Applied  Biosysiems  DNA 
editing  and  assembly  software. 

Thank  you  very  much  for  choosing  MIDI  Labs  for  your  bacterial  identification  needs. 

Do  not  hesitate  to  contact  MIDI  Labs  should  you  have  any  questions  or  comments 
concerning  the  data  reports,  , .  .  .  ..  ,  \  . 

Please  keep  us  in  mind  for  your  future  identification  or  ^queueing  needs. 
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Identification  Report  Summary 

Bacterial  identifications  assigned  by  MIDI  Labs  are  based  on  16S  rRNA  gene  sequence 
similarity.  Sample  sequences  are  compared  against  PE  Applied  Biosystem's  MieroSeq™ 
database" using  MieroSeq  sequence  analysis  software.  The  lop  ten  alignment  matches  are 
presented  in  a  percent  genetic  distance  format,  which  is  basically  the  percent  difference 
between  two  aligned  sequences.  Tills  percentage  takes  into  account  any  mismatched 
basepairs.  gaps  and  IUB  ambiguity  codes.  In  this  format  a  low  percent  indicates  a  close 
match,  v; 

Species  Level  -  This  indicates  a  species  level  match.  A  I6S  rRNA  sequence  homology 
of  greater  than  99%  is  indicative  of  a  specks  level  match  (Stackebrandt  and  Goebel). 

Our  experience  in  developing  the  MieroSeq  database  leads  us  to  agree  with  this 
conclusion,  though  we  feel  that  there  is  no  exact  cut  off  point  that  can  be  applied  to  all 
groups.  It  is  our  opinion  that  each  alignment  needs  to  be  analyzed  individually,  taking 
otto  account  the  percent  genetic  distance  between  known  species  within  that  group. 

Note  that  our  results  arc  presented  in  8  genetic  distance  format,  which  is  essentially  the 
opposite  of  percent  homology. 

Genus  Level  •  flits  indicates  that  the  sample  appears  to  group  within  a  particular  genus 
but  the  alignment  did  not  produce  a  species  level  match,  A  genus  level  match  indicates 

that  the  sample  species  is  not  included  in  the  MieroSeq  database 

No  Match  -  This  indicates  that  sample  did  hot  group  well  within  any  particular  genus 
found  in  the  MieroSeq  database.  In  cases  such  as  tilts,  we  search  the  GenBank  and 
Ribosomai  Database  Project  (RDP)  databases  with  the  sample  sequence  to  try  to  provide 
a  closer  match.  If  the  sample  sequence  docs  not  match  well  with  either  of  these 
databases,  it  may  be  a  new  species  or  a  species  whose  I6S  rRNA  gene  sequence  is  not 
present  in  any  of  the  databases.  -  .  •  • 


Reference: 

Stackebrandt,  E,  and  Goebel,  B.  M.  1994,  Taxonomic  Note:  A  Place  for  DNA-DNA 
Reassociation  and  16S  rRNA  Sequence  Analysis  in  the  Present  Species  Detinition  in 
Bacteriology.  Ini.  J.  Syst.  Bacteriol.  44:846-849 
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Customer: 

1/3/2000 


Bieckmann 


MIDI  LABS 


500  bp  Identification  Summary 


MicroSeq  Database 


confidence 

C  code  sample  _  closest  match  _  %  tmterenca  levo| 


N267BL,'b  |C2676  Saturn  con 

Arthrobacter  crysfcallopcietes 

MMSi 

KEfflfE— 

1  iJUXJWit  M  4 

Microbacterium  chocolatum 

Genus 

Bacillus  ihuiingiensls 

O 

b 
:  o 

Species 

N2670LE  |C2680  1  COn 

Bacillus  cereus 

0.65% 

Species 

1  1  1  111—1 

Staphylococcus  wamerT 

Species 

Key: 

•-See  report  for  additional  comments  concerning  this  field. 

C  code  -  Customer  number  assigned  by  MIDI  Labs. 

sample  -  Sample  number  assigned  by  MIDI  Labs,  followed  by  name  assigned  by  customer. 

closest  match  -  Closest  match  to  sample  when  aligned  in  a  pairwise  manner  against  the 
MicroSeq  Database. 

%  difference  -  Percent  difference  between  the  sample  and  the  closest  match. 

Mismatched  basepairs,  gaps,  and  ambiguity  codes  are  all  accounted  for  in  this  percentage, 

confidence  level  -This  indicates  the  level  of  identification;  see  Identification  Report  Summary 
lor  additional  information. 

For  research  use  only 


70 


Justomer:  Bleckmann 

MIDI  LABS 

/3/2000 


Partial  16S  rRNA  Gene  Alignment  with  GenBank  &  RDP  Databases  | 


ample  # 

closest  GenBank  match 

It 

0  closest  RDP  match 

SR 

12876  Saturn  con 

Arthrobacter gtobitormis 

97% 

Arthrobacter  crystallopoietes 

,88 

12878  Mars  con 

Aureobacterium  kitamiens© 

97% 

Aureobacterium  testaceum 

.83 

Customer  number  assigned  by  MIDI  Labs. 

ample  #  -  Sample  number  assigned  by  MIDI  Labs,  followed  by  name  assigned  by  customer. 

Iosest  Gen  Bank match  -  Results  from  blast  search  of  GenBank  database. 
j>  id -  percent  identity  this  is  essentially  the  percent  similarity. 

Oe  GenBank  web  page  f  www.ncbi.nlm.nih.ciov/BLAST/blast  heln.html) 

>r  more  detailed  information. 

Iosest  RDP  (Ribosomal  Database  Project)  match  -  Results  from  search  of  RDP  database. 
R  -  similarity  rank  is  given,  we  have  observed  that  a  ranking  >  ,95  indicates  species  match. 

see  RDP  web  page  ;(c&a^  for  more  detailed  information. 

For  research  use  only 


Appendix  B:  Statistical  Procedure  for  Performing  Dunnett’s  Comparison 


The  information  that  is  provided  in  the  pages  of  this  appendix  explains  the  procedures 
and  theory  behind  the  Dunnett’s  comparison.  The  analysis  determines  if  a  statistical 
difference  exists  between  a  specified  control  mean  and  the  selected  data  set  mean.  A 
two-tailed  Dunnett’s  comparison  was  performed  using  a  significance  level  of  a=0.05. 

Ho:  No  effect  on  the  rate  when  exposed  to  some  concentration  of  tolyltriazole 
Ha:  The  rate  was  influenced  (inhibited/enhanced)  when  exposed  to  tolyltriazole 

H0:  {^control  “  ^experiment 
Ha’  (^control  ^  M-experiment 

A  t-test  statistic  (td)  is  computed  between  each  experimental  group  and  the  control  using 
the  following  formula  (Sheskin  362): 

M,  -  M 
t 


Mean  of  the  experimental  group 
Mean  of  the  control  group 
Mean  Square  Error 
Harmonic  mean  of  the  sample  sizes 

k 

Hh  ~  1  1  1 

—  +  —  +  •••  + — 
n,  n2  nk 

Where:  k  =  Total  treatment  means,  including  control  (Sheskin  363) 

Three  methods  of  comparison  exist  to  determine  if  there  is  a  statistical  difference.  The 
first  is  to  compare  the  calculated  td  to  the  tcrit-  The  td  was  compared  to  the  td(k.diWG)  tO 
determine  whether  or  not  the  experiment  mean  was  different  than  the  control  mean.  The 
t-test  (td)  was  calculated  using  each  experimental  point  compared  to  the  same 
experimental  point  in  the  control  data.  The  tCnt  was  found  in  a  table  of  Dunnett  s  critical  t 
values  in  Sheskin  page  699,  based  on  the  parameters  of  the  experiment.  The  criterion  for 
significant  effect  is  shown  below: 


Where:  Mi  = 

Mc  = 
MSE  = 
nh 


td  >.  td(k>dfwc) 


Significant  Effect 


The  second  comparison  option  is  to  compare  the  calculated  critical  difference  to  the 
difference  between  the  experimental  and  control  means  (referred  to  as  Abs(Dif)  in  the 
JMP®  statistical  software  package).  CDd  is  the  minimum  required  difference  needed  for 
the  two  means  to  differ  significantly  (referred  to  as  Least  Significant  Difference  (LSD)  in 
JMP®  statistical  software  package).  The  equation  used  to  calculate  the  critical  difference 
is  shown  below  (Sheskin  363).  This  value  is  different  for  each  comparison. 


CDd  ~  td(k,d/lm)  *  ■ 


2  *MSE 


nu 


Where:  td(MfwG)  =  The  tabled  critical  Dunnett  value  (2.89) 

dfwG  =  Degrees  of  Freedom  within  the  group 

The  criterion  for  significant  effect  is  shown  below: 

Mi-Mc  >  CDd  Significant  Effect 

The  third  method  is  to  look  at  the  comparison  circles.  The  statistical  program,  JMP  , 
generated  comparison  circles  for  the  generated  data.  An  intercept  of  two  specified 
comparison  circles  that  results  in  an  angle  greater  than  90°  indicates  that  there  is  no 
statistical  difference.  An  angle  equal  to  90°  indicates  a  slight  statistical  difference, 
whereas  an  angle  less  than  90°indicates  the  means  are  statistically  different. 
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Appendix  C:  Consistency  Test  Results 


The  table  shown  below  reports  the  DO  concentration  recorded  by  each  probe  at  the 
different  levels  of  Na2S03.  The  difference  between  the  recorded  values  was  calculated. 
The  average  of  the  differences  and  the  standard  deviation  are  the  degree  to  which  the  two 
probes  differ. 


Table  18.  Consistency  Results 


■  ii  tm?Fi  itcti rei  w 

•KniiL  ji  ' 

B— 

—gftry 

77140 

U.UDU 

■rap 

5.110 

5.030 

0.080 

msm 

4.070 

0.070 

mmm 

1.230 

1.180 

0.050 

in 

3.370 

3.290 

0.080 

— 

0.010 

0.010 

0.000 

Average 

Std  Dev 

0.030  j 

The  YSI  DO  Meter  58  consistently  recorded  higher  DO  values  throughout  the 
experiment. 
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Appendix  D:  Tolyltriazole  Influence  on  DO  Membranes 


A  two-sample  t-test  was  performed  using  a  significance  level  of  a-0.05.  Both 
populations  were  assumed  normal  and  the  two  population  variances  were  assumed  equal. 

Ho:  No  effect  on  the  DO  probe  membrane  when  exposed  to  high  concentrations 
of  tolyltriazole 

Ha:  There  was  an  effect  on  the  DO  probe  membrane  as  a  result  of  the 
tolyltriazole 

The  pooled  estimator,  an  estimator  of  the  common  population  variance,  was  determined 
using  the  following  equation  (Devore  358): 

_(n,-l)^,2+(n2-l)^22 
P  ( ni+n2)-2 

Where  m  and  n2  represent  the  sample  size  of  the  respective  data  sets,  and  Si  and  S2  are 
the  standard  deviation  of  the  respective  data  sets. 

The  Standard  error  was  determined  using  the  following  equations  (Devore  358): 


Std  -  Error 


1  1 


- 1 - 

n}  n 9 


The  calculated  t-statistic  (t)  was  calculated  by  dividing  the  difference  of  the  means  by  the 
standard  error: 


tol\  hriaioh’  control^  ^ 

(Std  -  Error) 


The  t-critical  (tcrit)  was  determined  for  a  two-tailed  t-test  because  the  effects  of  the 
tolyltriazole  could  have  either  enhanced  or  inhibited  the  performance  of  the  membrane, 
as  stated  in  the  alternate  hypothesis,  therefore  a/2  was  used. 

HO!  ^control  —  pToIyltriazole 
Ha:  (^control  ^  M-tolyltriazole 

tcrit  =  ta/2,ni+n2-2  =  2.776  (Devore  707) 

Given:  a  =  0.05  (Level  of  Significance) 

m  =  3  (number  of  control  microcosms) 

n2  =  3  (number  of  tolyltriazole  microcosms) 


75 


The  tent  was  compared  to  the  t  statistic  to  determine  whether  or  not  the  tolyltriazole  had 
an  impact  on  the  membrane.  An  example  of  the  criteria  used  to  determine  that  there  was 
no  effect  is  shown  below. 

T  <  -tCrit  Inhibition 

t>  tCrit  Enhancement 

The  data  listed  below  shows  the  values  recorded  during  the  experiment  within  each 
microcosm.  The  data  was  analyzed  to  determine  if  the  presence  of  tolyltriazole  had  an 
impact  on  the  membranes  of  the  DO  probe.  The  test  showed  that  the  presence  of 
tolyltriazole  had  no  effect  on  the  membrane. 


Table  19.  Experimental  Results 


The  final  row  is  the  difference  between  the  initial  and  final  reading.  This  value  was 
divided  by  the  total  time  (57  minutes)  to  get  an  overall  rate  of  the  total  DO  concentration 
change.  The  DO  uptake  rate  is  shown  below  for  each  microcosm. 


Table  20.  Average  DO  Drift 


■  I  Mil  I  Mil  ■  —  I  Mil  ■  I  llll  ■  —  I  HU  I  I  tiil  I 


0  ppm  0  ppm  0  ppm  1000  ppm  1000  ppm  1000  ppm 


The  results  of  the  two-sample  t-test  are  summarized  in  the  table  below. 


Table  21.  Results  of  Two-Sample  T-Test 


Mean  ‘ 
Oppm 

Std  L)ev 
Oppm 

Mean 

1000  ppm 

S'^Uev” 
1000  ppm 

Pooled 

Estimator 

V 

standard 

Error 

XctrfXI  00Oppm 

uaic  i 

Value 

tcm=2-447 

ysssiMEU 

m£13i£| 

uuaissM 

EMiSii 

QKlaSil 
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Appendix  E:  Summary  of  P-Values  Found  During  ANOVA 


A  summary  of  the  P-values  found  during  the  ANOVA  analysis  is  presented  below.  A  P- 
value  less  than  the  specified  a  value  (0.05)  indicates  that  there  is  a  significant  difference 
at  a  0.05  level  of  significance.  A  P-value  greater  than  the  specified  alpha  indicates  that 
there  is  not  a  significant  difference  between  the  means. 


Table  22.  Summary  of  ANOVA  P-Values 


Micro¬ 

organism 

Time  Interval  _] 

i 

2 

3 

4 

m 

Saturn 

.0001 

.0001 

.0001 

.0001 

mmm 

Bacillus 

■MW 

Mars 

miMM 

mam 

■IBB! 

mm<?m 

ANOVA  may  indicate  that  there  is  a  significant  difference,  however,  further  statistical 
analysis  may  indicate  the  a  significant  difference  does  not  exist  under  the  conditions 
specified  by  the  additional  analysis. 
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Appendix  F:  Saturn  DO  Uptake  Rate  Data 
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Appendix  G:  Saturn  Dunnett’s  Comparison  Results 

The  graphs  below  have  been  generated  by  JMP®,  the  statistical  program  used  to  perform 
the  Dunnett’s  comparison.  The  left  side  of  the  figure  shows  the  three  data  points  as 
represented  with  the  three  smaller  dots.  The  larger  darker  dot  represents  the  mean  and 
the  bar  represents  one  standard  error  above  and  below  the  mean. 

The  circles  to  the  right  are  the  comparison  circles.  By  looking  at  the  circles  one  can 
determine  if  there  is  a  significant  difference  or  not  between  the  each  sample  and  the 
control.  The  circles’  centers  line  up  vertically  and  are  also  aligned  with  its  group  mean. 
The  radius  of  the  circle  represents  the  95%  confidence  interval  of  the  group  mean.  The 
different  angles  of  intersection  (described  in  Appendix  B)  dictate  whether  there  is  a 
significant  difference. 


Figure  9.  Saturn  Interval  1 


Figure  11.  Saturn  Interval  3 
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0.12 


Figure  14.  Saturn  Interval  6 


Figure  15.  Saturn  Interval  7 
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Table  23.  Summary:  Saturn  Dunnett’s  Values 


Time 

Interval 

Concentration 

Control  (CDd) 

50  ppm 

100  ppm 

500  ppm 

1000  ppm 

1 

HUH 

0.004672 

0.023938 

2 

0.017201 

0.036467 

3 

0.017399 

0.039266 

4 

0.016937 

0.040970 

5 

-0.00686 

-0.00573 

0.014608 

0.043508 

6 

-0.01421 

-0.01234 

-0.01194 

0.015425 

0.043958 

7 

-0.02117 

-0.00707 

-0.01117 

-0.00231 

0.028792 

NOTES: 

•  !  M  experiment~MControll  “  OD^ 

b:  Negative  values  indicate  no  significant  difference  (at  95%  confidence) 
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Appendix  H:  Bacillus  DO  Uptake  Rate  Data 
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Appendix  I:  Bacillus  Dunnett’s  Comparison  Results 


Figure  16.  Bacillus  Interval  1 
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Figure  18.  Bacillus  Interval  3 


Figure  19.  Bacillus  Interval  4 
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Figure  20.  Bacillus  Interval  5 
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Figure  22.  Bacillus  Interval  7 


Table  24.  Summary  Bacillus  Dunnett’s  Values 


Concentration 

Control  (CDd) 

50  ppm 

100  ppm 

500  ppm 

1000  ppm 

1 

-0.0076  la>b 

-0.00391 

-0.00208 

-0.00021 

-0.00574 

2 

-0.00566 

-0.00156 

-0.00346 

0.005070 

3 

-0.00584 

-0.00584 

-0.00474 

0.001230 

4 

-0.00778 

-0.00518 

-0.00738 

-0.00294 

5 

-0.00477 

0.001925 

0.000425 

6 

-0.00636 

0.002173 

-0.00343 

7 

-0.00866 

-0.0083 

-0.00793 

-0.00756^ 

0.001337 

NOTES: 


•  1  ^experiment"  ^  controll  “  CDd 

b:  Negative  values  indicate  no  significant  difference  (at  95%  confidence) 
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Appendix  J:  Mars  DO  Uptake  Rate  Data 
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Appendix  K:  Mars  Dunnett’s  Comparison  Results 


i 
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Figure  26.  Mars  Interval  4 
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Figure  28.  Mars  Interval  6 
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Table  25.  Summary  Mars  Dunnett’s  Values 


Time 

Interval 

Concentration 

Control  (CD<j) 

50  ppm 

100  ppm 

500  ppm 

1000  ppm 

1 

-0.01273a,b 

-0.00787 

-0.0109 

-0.00643 

-0.00867 

2 

-0.00761 

-0.00798 

3 

I 

-0.00624 

4 

-0.00085 

5 

-0.00736 

-0.00476 

-0.00586 

-0.00216 

6 

-0.00753 

-0.00637 

-0.00053 

-0.00557 

-0.00553 

NOTES: 

•  iMexperjment"M  contro  il  -  CDd 

b:  Negative  values  indicate  no  significant  difference  (at  95%  confidence) 
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Appendix  L:  Microbial  Plate  Count  Data 


The  number  of  colonies  counted  is  shown  in  the  table  below  along  with  the  average,  the 
standard  deviation,  and  the  normalized  rate. 

Table  26.  Microbial  Plate  Count  Summary 


|  Microcosm 

HU3UH 

EliaSSI 

1 

3 

2 

4 

586 

579 

661 

wEm 
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2 

1 

488 

682 

576 

EH 

3 

705 

388 

62*] 

596 

TOO- 

~TOT  i 

54 

58 

57 

jNormaiized 

0.00 

.  U.83 

• M •! 'HK' 

0.85 

CTD2 

The  Dunnett’s  comparison  graph  is  shown  below. 


Figure  29.  Dunnett’s  Comparison  Colony  Count 
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